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Description 

The present invention relates to an apparatus for evaluating the fetal condition prior to or under birth comprising 
first detection means for detecting the fetal heart rate from a first signal indicative of said fetal heart rate and generating 

5 a fetal heart rate trace; second detection means for detecting maternal labour from a second signal indicative of said 
maternal labour and generating a toco trace; processing means for evaluating said fetal heart rate trace and said toco 
trace, said processing means generating quantities representative of possible diagnostic information; rule based op- 
erating means for extracting, validating, classifying or scoring said quantities or derived parameters, or said fetal heart 
rate trace or said toco trace; and rule storing means operatively connected with said rule based operating means. It 

10 also relates to a corresponding method for evaluating the fetal condition. 

In gynecology and obstetrics, two medical parameters are important to assess the condition of the fetus. These 
parameters are the fetal beat-to-beat heart rate and uterus (or labour) activity. Simultaneous assessment of the fetal 
heart rate (FHR) and uterus activity (TOCO) allows determination of the fetal condition. Monitors measuring and re- 
cording both parameters are called fetal monitors or cardiotocographs (CTG monitors). 

15 To obtain a signal indicative of the fetal heart rate, a so-called fetal scalp electrode may be applied to the fetal skin. 

These electrodes are usually spiral electrodes which are screwed into the fetal epidermis, see for example United 
States Patent US 3,827,428. Such direct electrodes allow very accurate measurements due to the excellent signal 
quality. Unfortunately, the internal or direct measurement can only be used after rupture of the membranes. Prior to 
that point in time (in particular, during gestation), indirect methods have to be used. These indirect measurements are 

20 performed abdominally, e.g. by listening the fetal heart sound or by measuring the Doppler shift of an ultrasound wave 
reflected by the moving parts of the fetal heart, particularly the heart walls and/or the heart valves. Further methods 
for recording the fetal heart rate are the abdominal electrocardiogram (recorded with electrocardiogram electrodes 
placed on the abdomen of the mother), the registration of fetal heart sounds with a microphone ("Phono") and the like. 
The present invention relates to ail of these signals. 

25 However, neither the electrocardiogram (in the case of a spiral electrode), nor the received ultrasound signal (in 

the case of an ultrasound transducer), nor any other signal indicative of the fetal heart beat, are of major diagnostic 
importance. What is in fact required to assess the fetal condition is the beat-to-beat heart rate. This means that heart 
beats have to be detected in the above signals and that the heart rate is calculated as the inverse of the time interval 
between two consecutive beats, i.e. the heart rate is calculated from beat to beat. This gives quite accurate information 

30 particularly on high-frequency variations in the fetal heart rate trace, which in turn is important for diagnosis. 

Uterus activity, on the other hand, may be measured - in the antepartum phase - by means of an external toco 
transducer (tocodynamometer) placed externally on the fundus uteri of the mother, i.e. approximately centrally on the 
abdomen. Such toco transducer is a tension-measuring device, most commonly one or more resistive wire strain(s). 
The theory of what is really measured by these transducers is complex as uterus "hardness" as well as uterus defor- 

35 mation (and sometimes also respiration) influence the tension, but still it is possible to obtain clinically meaningful 
results, i.e. to discover frequency, amplitude and shape of a contraction. 

After rupture of the membranes, an intravaginal toco transducer may be used, which is essentially a hose connected 
with a direct pressure transducer and introduced into the uterus. This second transducer generates very accurate and 
reliable readings. 

40 Stand-alone fetal monitors usually record the fetal heart rate and TOCO time traces on paper, most commonly on 

a built-in stripchart recorder. It is also possible to transmit the related data to a host station, e.g. a central station, and 
retrieve them on a display like a CFTT (cathode ray tube), or store them on magnetic media. The combined time traces 
of fetal heart rate and maternal labour (TOCO) will be called "cardiotocogram" (CTG) hereinafter. 

Interpretation of the CTG, i.e. establishing a diagnosis on the basis of information provided by the CTG, is a critical 

45 and sensitive process. Some major reasons therefor are: 

1 . The fetal heart rate trace may contain a multiplicity of different patterns of diagnostic importance; 

2. the diagnostic meaning of these patterns depends on their spectral components, i.e. a certain pattern in a given 
spectral range may have another meaning if it appears in another spectral range; 

50 3. likewise, the diagnostic meaning of a pattern depends on how frequent it appears in the CTG - for example, a 

so-called "Dip 0" pattern is uncritical if appearing not more frequently than once per 15 minutes, but may raise 
concerns if appearing more frequently; 

4. the interrelation between the fetal heart rate trace and the TOCO channel is of importance - for example, a 
deceleration (reduction of frequency) in the fetal heart rate channel which is delayed with respect to a contraction 

55 jn the TOCO channel has a completely different meaning than a deceleration occuring simultaneously with a con- 

traction; 

5. the degree of events (i.e., strong versus small) is of importance. 
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Therefore, the assessment of the CTG is very sensitive to misinterpretation. On the other hand, a false or incom- 
plete diagnosis may seriously endanger the fetus and/or the mother - misunderstanding of a CTG pattern indicating 
fetal oxygen deficiency, and therefore the need of appropriate therapy, could e.g. lead to cerebral injury of the fetus. 

In order to prevent against the serious consequences of CTG misinterpretation, there have been several attempts 
s to "formalize" the process of CTG interpretation. So-called "score tables" list several criteria or patterns which may 
appear in the CTG and assign a "score" or "points" (usually, an integer or a natural number) to the listed criteria or 
patterns. By addition of the single scores, one obtains a so-called "sum-score" (in another nomenclature, the "points" 
are added to obtain a "score", i.e. the term "score" already stands for the sum in this alternate nomenclature). A ref- 
erence table relates the "sum-score" directly to the diagnostic assessment; for example, a sum-score equal to or ex- 
w ceeding 8 may be classified as "pathologic", whereas a sum-score equal to or exceeding 5 (but smaller than 8) may 
be classified as "prepathologic". A pathologic sum-score indicates high danger for the fetus and will usually result in 
a Caesarean Section. Prepathologic assessment indicates that increased attention is necessary, accompanied by 
additional therapeutic measures. On the other hand, in the given example, a sum-score below 5 stands for a harmless 
or "normal" diagnosis. 

15 There are several "score tables" known in the art, for example the "Hammacher" score, the "Fischer" score and 

the like. These score tables have been developed by individual physicians. Their score tables differ slightly in their 
diagnostic focus and the way the calculations are made. Application of either of these score tables in clinical practice 
depends on the specific needs and experiences of the hospital and the attending physician. 

Although these score tables make CTG assessment more consistent (e.g. if CTG assessment is performed by 

20 different midwives), and may serve as a reminder for possibly dangerous patterns, they do not completely eliminate 
the reasons for manual CTG misinterpretation. Further, their application is quite time-consuming, error-prone and cum- 
bersome, in particular for unexperienced midwives or obstetricians. 

There have already been attempts in the prior art to automate the process of CTG scoring. However, none of these 
systems has proven particularly successful. CTG interpretation systems already available on the market are restricted 

25 to the calculation of the fetal heart rate variability, special indices or factory-defined scores. The calculated variability, 
indices and scores do not match the well-known score tables hitherto used for manual CTG evaluation. 

There have also been attempts to implement complete score tables in automatic CTG interpretation systems, but 
none of them has been successful up to now, and none of them was commercially sold. 

An expert system for fetal diagnosis of the kind described at the outset is disclosed in the Proceedings of the 

30 Annual International Conference of the IEEE Engineering in Medicine and Biology Society, Vol. 10,4 November 1988, 
New Orleans, US, pages 1355-1357, in an article by A. Alonso et al. entitled "Development of an Adviser System for 
Foetal Diagnosis During Labour". Other publications dealing with fetal diagnostics and/or expert systems can be found 
in the International Search Report, namely: a) Proceedings of Database and Expert Systems Application, Springer 
Verlag, 29 August 1 990, Wien, Austria, pages 427-431 : M.U. Karakas et al., "A Neural Net learning Algorithm for Design 

35 of Cardiotocograph Signal Evaluation Expert System"; b) Proceedings of the ISCIS Ml, Nova Science Publications, NY 
US, 29 October 1989, Cesme, Turkey, pages 317-322: M.O. Karnas et al., "Expert Systems for Evaluating Fetal Mon- 
itoring Signals"; and c) Proceedings of the Annual Conference of the IEEE Engineering in Medicine and Biology Society, 
Vol. 11,9 November 1989, Seattle, Washington, US, pages 1993-1994: B. Arcay et al., "Physical and Functional Inte- 
gration System for Intelligent Processing and Priorization of variables in an ICU". 

40 The present invention relates to an improvement for automatic CTG interpretation systems. The inventor has found 

that one major reason for former interpretation systems not having been accepted by the user was that the factory-set 
evaluation criteria did not correspond to the criteria expected by the user. 

It is therefore a major objective of the present invention, as claimed, to provide an apparatus and a method for 
evaluating the fetal condition prior to or under birth, according to the kind described above, that provides the flexibility 

45 of adaptation to each single user's needs. 

This objective is solved, in a first embodiment of the invention, in an apparatus of the kind described above, by 

connection means for connecting said rule storing means with rule editing means; 
said rule editing means providing 

so 

a rule edit mode for setting up new rules or changing existing rules under control of the user of the apparatus, 
a rule restore mode for restoring information on new or changed rules set up by the user of the apparatus in 
said rule storing means; 

55 - wherein said rule based operating means is set up to operate according to the information restored in said rule 
storing means from the time of restoration. 

According to the present invention, the apparatus does not calculate according to or generate fixed criteria, nor 
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does it operate according to fixed instructions. Instead, its operation is performed under the control of rules (typically, 
logic or algebraic rules) stored in a rule memory. Those rules are subject to modification by the user For this purpose, 
the rule memory may be connected with rule editing means. (It will be appreciated that this may be a permanent 
connection or a connection set-up only for editing purposes and cut later. The first alternative is particularly feasible in 

s case the apparatus is connected with a central monitor or station, or if it is equipped with a screen display anyway. 
The second alternative is particularly useful for stand-alone monitors without screen display). 

The rule editing means provides a first operating mode, namely a rule edit mode for setting up new rules or changing 
existing rules. This mode enables the user either to define his own rules (instead of, or in addition to, any default rules 
which may already be stored in the system), or simply to modify a predefined rule. There are several advantageous 

10 possibilities of modifying existing rules: For example, let us assume that a rule defines the conditions under which a 
contraction in the TOCO channel is identified. One of these conditions is the minimum amplitude of the TOCO trace 
over the TOCO baseline (this baseline being called "resting tone"). In case the user feels that his fetal monitor is too 
sensitive to contractions, i.e. designates patterns as contractions which the user would not regard as such, he may 
increase the minimum amplitude. In general, rule editing comprises addition of, deletion of or modification of rules. 

'5 Another feasible approach of rule modification is simply to request the system to switch to another predefined rule. 

In this case which will be discussed in more detail below, the user even does not have to alter the rule itself. The term 
"changing existing rules" as used herein covers both of the above cases. 

In a second operating mode called "rule restore mode", the rule editing means restores the new or changed rules 
in the rule memory (i.e. stores the new rule, or replaces the existing rule by the changed rule). In case the user has 

20 simply switched to another predefined rule or set of rules, it is sufficient to restore an identifier marking the selected 
predefined rule. Both cases, namely restoring of rules or of identifiers, are covered by the wording "information on 
rules" as used herein. In order to restore a rule or information on a rule, it will be advantageous to use an erasable 
memory such as an electrically erasable memory which keeps its contents even if disconnected from the supply voltage. 
Such memories may e.g. be semiconductor memories such as a battery-buffered RAM (random access memory) or 

25 a Flash EPROM (electrically programmable read-only memory). However, there are other storage media which do not 
require to be erased before new information is stored, such as magnetic media (disks, tapes) or optical disks. 

The apparatus is set up such that the restored information is subsequently used, instead of the preceding infor- 
mation. That is, upon restoration of rules or information on rules, the apparatus will use the revised rules to assess the 
CTG and thus the fetal condition. 

30 A "rule" may be any logic or associative instruction controlling operation of the fetal monitor, a connected central 

station or any other device in which the present invention may be incorporated. Examples of "rules" will be given in 
the detailed description. Preferably, a "rule" is defined just in the way the user (expert) would write down an algebraic 
expression, e.g. 

"if A <rel> B then C" 

35 wherein <rel> stands for a mathematical (<,>,=,# etc.) or a logic (AND, OR, NOT, EXOR etc.) relation. A more general 
expression for a "rule" is 

"if <condition> then <statement>" 
wherein <condition> can be any mathematical (algebraic, logic etc.) condition; it can even be a combination of sub- 
conditions interconnected by logical operators, or the like. 

40 Such a "high-level" rule may be translated into the'language" (machine instructions) of a processor, such as a 

microprocessor or other CPU (Central Processing Unit), by a compiler; or it may be interpreted - either directly or in a 
transformed form - by an interpreter, preferably implemented in a language like PROLOG or LISP. When the underlying 
task is not extremely time-critical, the preferred way is to use a rule interpreter such as PROLOG. However, it will be 
appreciated that a compiler may be used as well. Further, may be other ways of defining the operating rules of the 

45 fetal monitor, such as editing assembly language instructions or the like (although this way is not very comfortable). 

In the apparatus according to the present invention, the fetal heart rate and maternal labour may be detected by 
any convenient technique, e.g. one of the above described techniques. Therefore, the "first detection means" and the 
"second detection means" recited in the first paragraph of this description may be appropriate detectors receiving the 
signals of a fetal heart rate or a TOCO transducer. For example, the fetal heart rate transducer may be a prior art 

50 ultrasound transducer, in which case the first detection means comprises a demodulator for detecting the Doppler shift 
in the ultrasound signal; preferably, it also includes an autocorrelator for reliable detection of the fetal heart rate. The 
details of these detectors are prior art and will therefore not be described or claimed in detail here. 

The processing means recited in the first paragraph of this description produce quantities of possible diagnostic 
information. Such quantities may e.g. be the duration or the amplitude of events (such as decelerations or contractions) 

55 in the time traces of the fetal heart rate or maternal labour, the begin or end, or the first derivative, of such events, 
areas, but also variability, statistical data like mean, standard deviation, center in a direction, center of mass of a curve 
etc. In general, a quantity as used herein is any feature or property derived from the original time traces of FHR or 
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TOCO and of possible use for the interpretation and assessment of the CTG. A "derived parameter" Is e.g. a (possibly 
weighted) combination of such quantities, or a parameter otherwise derived from a quantity (like the first or second 
derivative, a maximum etc. of a quantity). 

The present invention enables the user (the expert) to modify the operating rules of the fetal monitor and/or an 

5 associated central station in a very easy way, preferably in interactive mode. It has turned out that it is hardly possible 
to adapt fixed operating rules such that they meet every single user's needs. This is partially due to local differences; 
it also depends on the experiences of a physician or a hospital and on their specific requirements. Therefore, even a 
system with fixed rules fulfilling the requirements of a single user would not fulfil the needs of another user. The present 
invention overcomes this disadvantage by providing flexibility, so that every user may adapt the fetal monitor or like 

10 apparatus to his specific needs. In particular, the user may either make an overall adaptation only - e.g. by selection 
of one of the known score tables -, or he may adapt the fetal monitor very specifically, e.g. by altering one of the score 
tables, by setting up a new score table, or by adapting other parameters (he may e.g. redefine what a "contraction" is, 
i.e. set his own criteria for detection or validation of a contraction). 

Preferably, the apparatus according to the present invention contains at least one predefined set of rules. In the 

is case of a score table, this could be one of the famous known score tables like the "Hammacher" score table. Predef- 
inition of such a score table, or other parameters, has the advantage that modification becomes easier - the expert will 
usually have to adapt an existing set of rules only (which may require a few changes only), instead of defining a complete 
set of rules. Advantageously, the apparatus provides even several "default" sets of rules. In case of the score tables, 
these could e.g. be some of the score tables known in the art, like the "Hammacher" score table, the "Fischer" score 

20 table etc. Selection among several score tables makes adaptation even easier, as the score table closest to the expert's 
expectations may be selected as the basis of the editing process. 

The ability of the system to manage several score tables - e.g. some predefined "default" score tables, and some 
user-defined score tables - has further related advantages. For example, let us assume a fetal monitor or a central 
station handles four predefined score tables and three user-defined score tables. Different ones of these score tables 

25 may then be selected, even in the same hospital or the same delivery room, from patient to patient (provided their 
status requires a different kind of monitoring; typical examples where a score table different from the "standard" score 
table could be required are e.g. high-risk delivery or expected twins). In case two physicians have different personal 
preferences, each of them could even select his preferred score table, although both use the same fetal monitor. 
Needless to say that the above remarks apply not only to the score tables, but also to other operating rules of the fetal 

30 monitor or the central station. 

Another advantageous approach is to "configure" the fetal monitors in a hospital in uniform manner. Such could 
e.g. be performed by connecting all of the fetal monitors to a common central station, and having fetal assessment 
done there for all fetal monitors. This requires adaptation of the central station only. However, even if only stand-alone 
fetal monitors were used, there is an easy way of solving the underlying problem, namely to edit the rules of one fetal 

35 monitor only, and then to transmit the revised operating rules directly from the reconfigured fetal monitor to other fetal 
monitors (of course, appropriate interfacing circuitry is required). In this way, it is possible to avoid the reconfiguration 
of all fetal monitors in the hospital (which would be a quite time-consuming process). 

As will be apparent from the foregoing, it is a major aspect of the present invention to provide fetal condition 
assessment means including adaptable and/or user-configurable score tables. The score table, on the other hand, 

40 serves as an "alarm table" as well, as a high sum-score, or a sum-score exceeding certain limits, indicates a clinically 
dangerous situation. However, it will be outlined below that other configurable operating rules, like validating or clas- 
sification rules, are advantageous as well. 

In a preferred embodiment of the present invention, the rule editing means provides a retrieve mode for retrieving 
rules or information on rules from said rule storing means. This feature is helpful if it is intended to modify a rule, or 

45 information (e.g. selection) on a rule, instead of defining new rules (where no retrieval of existing rules or information 
on rules is necessary). Of course, one could practice the present invention by offering a "new rule edit" mode only, but 
the possibility to retrieve existing information makes handling considerably easier. In case a retrieve mode is provided, 
it is further advantageous if the rule editing means provides a modify mode for modifying the retrieved rules, wherein, 
in the restore mode, the modified rules are stored in the rule storing means. 

50 in another preferred embodiment, the rule editing means provides a definition mode for defining new rules, wherein, 

in the restore mode, the modified rules are stored in the rule storing means. This is the mode for definition of completely 
new rules (it will be appreciated that the present invention would also work, however with less comfort, if only modifi- 
cation of existing rules were possible). 

It is of advantage if the rule editing means provides a select mode, wherein rules stored in the rule storing means 

55 are offered for selection, and information on the selected rule or rules are stored in the rule storing means. 

This is a mode of operation in which the inventive apparatus already contains some predefined, or user-edited, 
rules. The select mode allows to choose (to "activate") one, or a set, of these rules. It will be understood that the rules 
themselves need not be edited in this case; therefore, it is sufficient to store the information which of the existing rules 
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is to be activated. 

The rule editing means includes, in another advantageous embodiment of the present invention, 

display or recording means, preferably a personal computer, a CRT display or a printer, and 
s - edit control means, preferably an expert interface. 

Use of a computer, in particular a personal computer (PC), has the advantage that the edit control means (typically, 
a processor or a CPU under control of an appropriate control program) may also be installed on the PC, i.e. the expert 
interface would run on the personal computer, such that the fetal monitor need not contain all the associated hardware 

10 and software (which would, in turn, reduce the fetal monitor's manufacturing cost and thus its price). However, a CRT, 
LCD, plasma etc. display may be used as well, if the appropriate control functions are incorporated in the fetal monitor. 
It is even possible to use a printer, plotter or other recording means for communication with the expert. One could e. 
g. regard to use the internal printer of a fetal monitor for human interface purposes in case a PC or display is not 
available. Another possibility for communication with the expert is to use a flat LCD display with handwriting detection 

is (such displays are already commercially available). 

As already described above, the score tables are a major aspect of the present invention. Therefore, the inventive 
apparatus is preferably characterized in that the rule based operating means includes fetal condition assessment 
means for calculation of a score according to rules stored in the rule storing means in dependence of the quantities 
generated by the processing means, or parameters derived thereof, or of the fetal heart rate trace or of the TOCO 

20 trace. Further, the fetal condition assessment means may preferably assign single scores to events observed in said 
quantities or derived parameters, or the fetal heart rate trace or the TOCO trace, according to rules stored in the rule 
storing means, and a sum-score of all single scores may be calculated. The "sum-score" thus represents the overall 
fetal assessment (it may be obtained by simple addition of the single scores, but this is not a necessary condition; 
other examples of calculation of the sum-score are weighted addition, multiplication etc.). A high sum-score indicates 

25 fetal distress. Thus, the sum-score is also some kind of alarm indicator. In another advantageous embodiment of the 
present invention, the fetal condition assessment means therefore operates in combination with an alarm handler, said 
alarm handler generating an alert or an alarm if the sum-score exceeds a predefined limit. Alarm output may be per- 
formed in any convenient manner, e.g. optical alarm (flash red lamp), acoustic alarm, send alarm message to central 
station etc. As the sum-score is quite sensitive, it is also possible to generate different levels of alarm, depending on 

30 the sum-score (e.g., an optical alarm (various colours, sizes, symbols etc.) if the sum-score indicates a prepathologic 
assessment and, additionally, an acoustic alarm if the sum-score is pathologic). In general, the alarm is generated if 
various patterns are pathologic. It is necessary to mention that there are also sum-scores wherein a low sum-score 
indicates fetal distress, and that the alarm condition may be influenced by other critical parameters (which are not 
necessarily represented by a high or low sum-score) as well. Therefore, the above explanations relate to a typical and 

35 advantageous embodiment of the present invention, but do not limit its scope. 

In a useful environment, the rule storing means contains at least one set of predefined rules for assigning scores 
to events. This is a "predefined" score table which may be either one of the common score tables like the "Hammacher" 
score table, or another factory -defined score table. Likewise, in the select mode, a selection may be provided among 
at least two of sets of predefined rules, wherein the information stored in the rule storing means is information on the 

40 selected set of predefined rules. Again, it is understood that the preceding remarks apply not only to rules constituting 
a score table, but to other rules, such as validating or classifying rules (see below), as well. 

One problem encountered with automatic CTG scoring, as compared to manual scoring, is that, upon occurence 
of an alarm (or, in general, a high or low sum-score), the reason for the alarm may not be evident. In other words, 
several parameters may have contributed to a high sum-score, but there may be no indication which these were. It is 

45 also possible that the high sum-score results from a single parameter only (which contributed a very high or very low 
score). 

It is important for a correct diagnosis to know the reasons for an alarm, as the necessary therapeutic measures 
may depend on the parameter(s) causing the high (or low) sum-score and, thus, the alarm. This is no problem in the 
case of manual scoring, as the parameters, and their scores, are listed on a sheet of paper (usually, the midwife 

50 prepares the score which is then assessed by the obstetrician). On the other hand, if the CTG is automatically scored 
as in the present invention, the scores are not listed specifically. Of course, it would be possible to generate an automatic 
printout, or a screen window, in case of an alarm. However, in case an internal printer of the fetal monitor is used, 
printout requires a considerable amount of time (during which the time traces of FHR and TOCO cannot be recorded, 
or at least not with the same resolution as usual). Further, subsequent short-intervallic alarms would cause the printer 

55 to print scores continuously - it would not be possible to record any further time traces at all ! One could solve this 
problem by providing two printers or other technical measures, but all of these would be complicated and costly. Similar 
considerations apply to a display in a central station. As soon as a "window" providing scoring information is opened 
on the screen, it covers the FHR and/or TOCO time traces (which are of importance for the diagnostic assessment as 
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well) at least partially. 

Therefore, automatic retrieval of scoring information is no feasible solution. 

The present invention provides a solution to the underlying problem by means of an apparatus for evaluating the 
fetal condition prior to or under birth, wherein rule based operating means include reasoning means, in particular a 

s reasoning processor, retrieving reasoning information related to a sum-score upon user request. That is, according to 
one inventive aspect, the alarm itself does not cause retrieval of information related to the sum-score. However, in 
case the clinical staff decides that further information on the reasons of the alarm are necessary to assess the fetal 
condition reliably, a request may be made, in which case the fetal monitor or the central station would retrieve the 
required information. This process ensures that information is only retrieved in case there is a real necessity therefor, 

10 i.e. false or unimportant alarms will not cause the FHR or TOCO recordings to be covered by score information. On 
the other hand, if a clinical person decides to check the score, he or she will have the opportunity to check the recordings 
before they are covered by a window (on a screen) or before they are interrupted (on a printer or recorder). 

The user request may be communicated to the inventive apparatus in any convenient manner, e.g. by pressing a 
special "reasoning 1 key or a keystroke sequence on the fetal monitor or a central station, by request via a computer 

*5 mouse or a keyboard, a touchscreen etc. The reasoning processor may be either a separate microprocessor or a 
program module of a microprocessor or CPU used for other purposes as well. 

The term "information related to a sum-score' does not necessarily mean that a complete score table is retrieved 
from a memory such as a rule storing memory. Instead, it may also be information on which the sum-score is based 
(i.e. information preceding the scoring process) or information derived from a certain score. Typical and advantageous 

20 information retrieved by the reasoning processor upon user request may be: 

- the sum-score itself, 

- a clinical assessment derived from the sum-score (e.g., "normal", "prepathologic" or "pathologic"), 
the single scores assigned to events, 

25 - the quantities or derived parameters, or the fetal heart rate trace or the TOCO trace, leading to said events, or 
their values, or the time of their occurence, 

explanations on the reason of the alarm (like bradycardia, loss of signal, etc.), 

- further hints on the fetal situation (like the duration of an event). 

30 Preferably, the information to be retrieved upon user request is also subject to expert (rule) editing, i.e. the expert 

may e.g. specify whether he wants the scores assigned to single events, or their clinical assessment, or other infor- 
mation to be retrieved in case a user request occurs. 

The apparatus according to the present invention may reproduce score information whenever a user request oc- 
cured, i.e. even in the absence of an alert or alarm. That is, an obstetrician or midwife may gather information on the 

35 fetal condition at any point in time. However, in order not to confuse clinical personnel, a preferred embodiment of the 
invention is characterized in that the reasoning means is only active after the occurence of an alert or alarm. 

In another advantageous embodiment, the reasoning means includes several operating levels, in particular ac- 
cessible by subsequent user keystrokes, each operating level retrieving different reasoning information. That is, de- 
pending on the nature of the user request, different reasoning information may be reproduced. In particular, sequentially 

40 accessible operating levels may be provided, wherein the reasoning information becomes more detailed from level to 
level. The obstetrician or midwife may thus retrieve information until a level providing a satisfying diagnosis is reached, 
thus avoiding retrieval and reproduction of unneccessary information. For example, in a first level, the clinical assess- 
ment ("normal", "prepathologic", "pathologic") of the CTG may be reproduced, preferably by display or printout of the 
retrieved information. In a second step, i.e. if the user request is repeated, the sum-score (plus the score table on 

45 which said sum-score is based) may be retrieved. Athird step (=further user request) retrieves the alarming parameters, 
i.e. the parameters contributing to the sum-score; a fourth step retrieves their actual values, and a fifth step the times 
when the related conditions occurred in the FHR or TOCO time trace. 

The above example is based on the assumption that repeated user requests (e.g. subsequent depression of a 
"reasoning" key) retrieve and reproduce stepwise more and more detailed information. In an alternate embodiment, 

50 there could also be direct access to a certain "reasoning" level, e.g. by specifying the number of the level over a 
keyboard. A third alternative provides a multiplicity of "reasoning" keys, e.g. labeled "Assessment", "Sum Score", "Pa- 
rameters", "Values" etc. for direct access to a reasoning level. The reasoning levels, their order and the information 
retrieved in each level may also be subject to expert editing. 

It is understood that the above considerations on the "reasoning" process and the related apparatus apply not only 

55 to a fetal monitor or a central station providing expert rule editing. Instead, the reasoning means may also be used in 
a "standard" fetal monitor or central station, i.e. without the feature of expert editing. 

Another aspect of the present invention relates to preprocessing of the fetal heart rate trace and the TOCO trace. 
The purpose of preprocessing is to extract quantities describing the FHR and TOCO time traces such as decelerations, 
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contractions, amplitudes, statistical data, as well as variability etc. (see above). The present invention provides, in an 
advantageous embodiment, processing means which comprise time domain preprocessing means for preprocessing 
the fetal heart rate trace in the time domain. Specifically, the following steps are performed in the time domain: 



5 a) removal of jumps in case a positive or negative jump exceeds a predefined limit. As vertical jumps in the time 

domain disturb the spectrum by overlaying an si-function (wherein the weight of the si-function is proportional to 
the height of the jump), such jumps are removed in case they exceed a predefined, preferably adjustable limit (a 
limit is necessary to identify a jump as such; i.e. sudden FHR changes should not be removed !); 

10 b) removal of DC components from the fetal heart rate trace, in order to simplify further processing, 

c) appliance of a spectral leakage-reducing window, in particular a Hamming window. As the limited duration of a 
time domain data block subject to Fast Fourier Transformation (see below) results in spectral leakage, a window 
function is already applied, in preparation of the subsequent transformation into the frequency domain. 

15 

According to the present invention, further processing is then performed in the frequency domain. For this purpose, 
preprocessing means are provided which include frequency transformation means, in particular Fast Fourier Transfor- 
mation means, for transforming a fetal heart rate trace into the frequency domain. Despite the hard- and/or software 
required to perform frequency transformation, it has been found useful - in contrast to prior art approaches - to inves- 

20 tigate the FHR trace also in the frequency domain, in order to obtain parameters reliably and completely describing 
the fetal heart rate. The Fast Fourier Transformation (particularly, a Fast Hartley Transformation) may be performed 
by a special FFT processor, or by an appropriate program controlling a microprocessor or other CPU which is also 
used for other purposes. In practice, the latter solution has been found satisfying, as the spectrum has to be calculated 
every 30 to 60 seconds only (■scoring" is even performed in longer time intervals, e.g. 10 minutes, wherein the last 30 

25 minutes are the basis for the assessment). 

In preparation of the assessment of the calculated spectrum (the FFT may produce an absolute spectrum and a 
power spectrum), a filter function is preferably applied to it, in particular a linear or an exponential filter function with 
expert-definable characteristics. The purpose of this filter is primarily to reduce the amplitude of the low-frequency 
components. 

30 According to a further preferred and most important feature, the variability of the fetal heart rate is derived from 

the spectrum. The inventor has found that the precision of FHR variability calculation may be considerably increased 
if performed in the frequency domain. Therefore, fetal heart rate (FHR) variability detection means are provided in- 
cluding frequency detection means, said frequency detection means calculating the frequency of FHR variability by 
identification of the spectral line with the highest amplitude in the associated spectrum, preferably in a predefined 

35 region of said spectrum. That is, the maximum spectral line indicates reliably the frequency of FHR variability. This is 
particularly true if the above-mentioned filter suppressing low-frequency components has been applied, so that no low- 
frequency spectral lines may erroneously be identified as the frequency of variability. In order to increase accuracy 
further, it is possible to search only a limited region of the spectrum for the spectral line of maximum amplitude. This 
may e.g. be a predefined window in which variability is usually found. In a more sophisticated environment, the limits 

40 (and/or the width) of the spectral window are adaptive, i.e. once the true frequency of variability has been found, the 
window is automatically adjusted to the expected region. The limits, or the width, of the window may also be subject 
to expert editing. In general, the formula for identification of the frequency of variability is 



45 



f VAR = max (F(iAw)) 



wherein F(iAco) denotes the single spectral lines, i is an index running over a predefined spectral range (and possibly 
subject to adaptation and/or expert editing), and f VAR is the frequency of the fetal heart rate variability. 

In similar manner, the amplitude of FHR variability may be detected, namely in that the fetal heart rate (FHR) 
50 variability detection means includes amplitude detection means, said amplitude detection means calculating the am- 
plitude of variability as the amplitude of the spectral line of the highest amplitude in the associated spectrum, preferably 
in a predefined region of said spectrum, plus the amplitude of secondary spectral lines adjoining said spectral line of 
highest amplitude, provided said secondary spectral lines exceed or fall below predefined limits. 

The general formula for detection of the amplitude of FHR variability is 

A VAR = C * 2 |F(iAu)| 

i D m 

wherein F(iAco) denotes the single spectral lines, i is an index running over a predefined spectral range including the 
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spectral line of maximum amplitude, C is a constant and A VAR is the amplitude of the fetal heart rate variability. That 
is, not only the spectral line of maximum amplitude is taken as the amplitude of FHR variability, but some "sidelobes" 
are taken into account as well. This is due to the fact that the variability may be subject to some "jitter" during the period 
(the "time window") under investigation. Several criteria for selection of the sidelobes may be used, e.g. a predefined 

5 number of sidelobes, sidelobes which are not smaller in amplitude than 80% of the main lobe, etc. Like in the case of 
frequency of variability determination, the criteria and limits of the window for sidelobes may be subject to automatic 
adaptation or to expert editing. 

It will be appreciated that the rules of time and frequency domain preprocessing may, in general, be subject to 
expert editing as well, i.e. the preprocessing means may operate according to predefined rules stored in the rule storing 

io means and may be subject to editing by the rule editing means. However, only few rules of the preprocessor are of 
general interest to an expert, such as the duration of the time window for baseline processing and frequency transfor- 
mation. 

It will be evident from the foregoing that the concept of frequency domain investigation of the fetal heart rate, and 
of variability determination, does not depend on expert control. That is, it may also be applied to a "standard" fetal 
15 monitor or a central station without rule editor. 

It has already been outlined below that a major aspect of the present invention is full expert control over the rules 
of the score processor, i.e. the way the score table is built. However, there are further important aspects relating to 
signal processing between preprocessing and scoring. 

The preprocessor performs some basic algorithms on the FHR and TOCO time traces. A second processor, called 
20 "trace processor" hereinafter, performs a first detection of events such as decelerations or contractions (the detection 
of FHR variability may either be incorporated in the preprocessor or the trace processor; this is a matter of choice). 
The operating rules of the trace processor are also subject to expert control. Therefore, in an advantageous embodiment 
of the present invention, the rule based operating means includes trace processing means for calculation of parameters 
from the fetal heart rate trace and/or from the TOCO trace or from the related spectra, and/or for identifying candidates 
25 for events, in particular for accelerations, decelerations or contractions. 

The trace processor thus identifies possible candidates for events. In order not to miss a possible event, it is 
preferably not very specific. Therefore, validation is necessary. In a further advantageous embodiment of the present 
invention, the rule based operating means includes therefore validating means for validating possible candidates for 
events according to rules stored in the ru!e storing means. By editing those rules, the expert has full control over the 
30 validation process and thus over the events taken into account and processed. 

Validated events may now be classfied. According to an advantageous embodiment of the present invention, the 
rule based operating means includes classification means for classifying validated candidates for events according to 
rules stored in the rule storing means. These rules are of particular importance for the subsequent scoring process; 
they will be discussed, as well as their editing process, ,in the detailed description. They may e.g. be used to classify 
35 a validated deceleration as a "late deceleration" (with respect to a contraction), which is an important clinical event. 

Further useful processors include statistics generating means, in particular a statistics processor, for generation, 
storing and retrieval of clinically relevant statistical data, and trend generating means, in particular a trend buffer, for 
generation, storing and retrieval of clinically relevant time compressed trends. 

All of the above processors may either be separate microprocessors or other CPU's, or control programs for a 
40 multiple-use processor. Like in the case of the score processor, they may include a factory-set of default rules, such 
that expert editing becomes easier. 

The present invention further relates to a method for evaluating the fetal condition prior to or under birth comprising 
the steps of: 

45 - detecting the fetal heart rate, 
detecting maternal labour, 

generating quantities derived from the fetal heart rate and/or the maternal labour representative of possible diag- 
nostic information, 

extracting, validating, classifying or scoring said quantities, or derived parameters, according to predefined rules 
50 stored in a rule memory, 

wherein said method is characterized by the steps of 

connecting the rule memory with rule editing means, 
55 - setting up new rules, changing existing rules or selecting predefined rules or a set thereof under control of the user, 
storing said new or edited rules or information on the selected rules or set of rules in said rule memory. 

Further important aspects of the present invention will be found in the claims and the detailed description. 
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The invention will now be explained, by way of a non-limiting example, with reference to the accompanying draw- 
ings, in which: 

Fig. 1 depicts a fetal monitor, 

5 Fig. 2 is a typical configuration of the present invention using a stand-alone fetal monitor, 

Fig. 3 depicts another embodiment of the present invention with a multiplicity of fetal monitors con- 

nected to a central station, 

Fig. 4 is a block diagram showing the major components and the signal flow in a stand-alone fetal 

monitor, 

10 Fig. 5 is a flowchart outlining basic trace processing in an apparatus according to the present inven- 

tion, 

Figs. 6a and 6b depict a signal in the time domain containing a jump and its corresponding Fourier spectrum, 

Fig. 7a and 7b depict the same signals as Figs. 6a and 6b, but after removal of the jump, 

Figs. 8a and 8b depict the same signals as Figs. 7a and 7b containing a DC component, 

is Fig. 9a and 9b show the effect of removing the DC component in the signals of Figs. 8a and 8b, 

Figs. 10a and 10b show the signals of Figs. 9a and 9b prior to application of a window function, 
Fig. 1 1a and 11b illustrate the time function and the Fourier spectrum of a Hamming window, 
Figs. 12a and 12b depict the effect of filtering the signals of Figs. 10a and 10b with a Hamming window, 
Figs. 1 3a and 1 3b depict the absolute spectrum and the related power spectrum after execution of a Fast Fourier 

20 Transformation (FFT), 

Fig. 14 depicts the spectrum of a linear digital filter for processing the spectrum of the FFT, 

Fig. 1 5 shows a corresponding exponential filter in the frequency domain, 

Fig. 16 is an overall diagram of the processing steps in an apparatus according to the present invention, 

Figs. 17a to 17o show, by way of example, the editing process for rules, 
25 Fig. 18 is a typical cardiotocogram (CTG) trace with designation of its most important geometric fea- 

tures, 

Fig. 19 represents a "score" or alarm table, 

Figs. 20a to 20d show, by way of example, the editing process for a score table, 

Fig. 21 shows a screen picture at a central station connected with fetal monitor(s) displaying real-time 

30 traces and a score table, 

Figs. 22a and 22b are flowcharts outlining the basic operation of reasoning. 

Fig. 1 depicts a prior art fetal monitor, or cardiotocograph. The fetal monitor is used to monitor the heart rate of a 
fetus (unborn baby) during pregnancy and labour. At the same time, the fetal monitor records uterus (or labour) activity. 
35 Simultaneous assessment of the fetal heart rate (FHR) and uterus activity (TOCO) allows a precise determination of 
the fetal condition. 

Fetal monitor 1 comprises three jacks 2, 3 and 4 for the insertion of appropriate connectors 5, 6 and 7. These 
connectors are linked - via cables 8, 9 and 10 - to the corresponding transducers (not shown here). 

Jack 3 is an inlet for the TOCO (uterus activity) transducer. The signal measured via the TOCO channel is recorded 

40 on a thermal printer which is built-in in the monitor. Fig. 1 depicts paper 11, on which the thermal printer records the 
parameter traces. The TOCO recording is denoted as 12. Further, the measured TOCO value is optically indicated by 
means of display 13, here as a combination of 7-segment displays. 

Jack 4 is an inlet for the fetal heart activity signal. Two different connectors 7 may be used: after rupture of the 
membranes, i.e. during second-stage labour and birth, a fetal scalp electrode can be used which is applied intravagi- 

45 nally. Although this method - also called "direct ECG (electrocardiogram)" - yields excellent results, it cannot be used 
in pre-birth applications and during pregnancy. In these cases, another transducer has to be used, namely an ultrasound 
(US) transducer. The ultrasound transducer emits bursts of high-frequency ultrasound waves. It further receives the 
ultrasound signals reflected by the maternal or fetal tissue, bones etc. In case the ultrasound bursts are reflected by 
moving parts of the human body, such as the valves or the walls of the fetal heart, the frequency of the reflected 

so ultrasound waves is shifted with respect to their original frequency due to the Doppler effect. A demodulator with sub- 
sequent filters is used to obtain the Doppler signal, i.e. the signal with the Doppler frequency. Peaks in the Doppler 
signal are indicative of a fetal heart beat. However, as the Doppler signal is usually a quite noisy and/or disturbed 
signal, additional measures have to be taken to facilitate detection of a peak. The fetal monitor depicted in Fig. 1 uses 
an autocorrelation mechanism therefor. 

55 in either case - i. e. regardless whether the fetal heartbeat is obtained by means of a scalp electrode or an ultrasound 

transducer -, the fetal heart rate is calculated as the inverse of the time interval between beat to beat, the so-called 
beat-to-beat heart rate. This is an important feature of fetal monitors as the beat-to-beat heart rate provides valuable 
diagnostic information. 
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The detected fetal heart rate is displayed by means of a 7-segment display 1 4. Further, it is recorded on the thermal 
printer, see fetal heart rate trace 15. Three indicators - in the environment of Fig. 1 backlighting modules 16, 17 and 
18 - indicate the quality of the signal used for fetal heart rate detection. Module 16 is a red module, module 1 7 a yellow 
module and module 18 a green module. As long as the received signal is of good quality, green module 18 is on. When 
5 the signal is dubious, i.e. heartbeat detection becomes questionable, yellow module 17 is switched on, and green 
module 18 is switched off. Likewise, in case of a disturbed signal where no fetal beat-to-beat heart rate trace can be 
recorded, red LED 16 indicates bad signal quality. 

Jack 7 may further provide a maternal electrocardiogram signal e.g. obtained by electrocardiogram electrodes, a 
plethysmographic transducer or the like. If this signal is provided, the maternal heart rate trace is also recorded, see 
10 reference number 19. The maternal heart rate may be calculated from beat to beat as well, but it is also possible to 
user longer time intervals than the beat-to-beat interval for maternal heart rate detection, i.e. to provide a smoother 
heart rate trace. 

Fetal monitor 1 further provides a third jack 2 for the insertion of a corresponding connector 5. The latter is con- 
nected - via cable 8 - with a second fetal transducer, namely a second fetal scalp electrode or a second ultrasound 
is Doppler transducer. These transducers are used in case of twins to obtain a fetal beat-to-beat heart rate trace of the 
second fetus as well. In case a second fetal transducer is connected, the beat-to-beat heart rate of the second fetus 
is recorded as trace 19 instead of the maternal heart rate trace. Further, a display 20 indicates the actual value of the 
second fetal heart rate, and backlighting modules 21 , 22 and 23 (red, yellow, green) indicate the quality of the second 
fetal signal. 

20 it is understood that the fetal monitor cannot only, as depicted in Fig. 1 , record two heart rate traces on the internal 

printer, but also three or more heart rate traces, e.g. in case that signals indicative of the heart beats of a first fetus, a 
second fetus and the mother are fed to the monitor. Further, the recorder is used for annotation. 

Other components of the fetal monitor such as power-on button 24 will not be discussed in detail here. 

A complex and time-consuming problem of fetal monitoring is the interpretation of the cardiotocogram (CTG), i.e. 

25 the diagnostic assessment of the fetal beat-to-beat heart rate trace in its interrelation to the TOCO recording. Minor 
differences in the two patterns may already result in a completely, different diagnosis (e.g., a deceleration in the fetal 
heart rate which is slightly delayed with respect to a peak in labour results in another diagnosis than a deceleration 
which coincides with a peak in labour). Therefore, assessment of the CTG is a quite difficult and sensitive task if carried 
out manually, and even more complex if done automatically. 

30 Fig. 2 depicts a first environment of the present invention, wherein the expert system is incorporated in a stand- 

alone fetal monitor. Reference number 25 indicates a fetal monitor of the type shown in Fig. 1 including a recorder 26 
(for graphical purposes, not all details of the fetal monitor are drawn in Fig. 2). 

In addition to the features of the prior art fetal monitor shown in Fig. 1, fetal monitor 25 comprises additional 
electronic components (e.g., an additional printed circuit board) necessary to automatically interpret or assess the 

35 CTG. Assessment is communicated to the user (physician, nurse, midwife) via recorder 26, either after each assess- 
ment or upon request. Such assessment can be the CTG score only, or alarm messages, or even more detailed infor- 
mation like the complete score table. Fetal monitor 25 may also contain further components like a "reasoning" key (not 
drawn here), as will be discussed below. In a typical environment, the CTG is assessed every 10 minutes (wherein the 
basis of the assessment are the data of the last 30 minutes), and the score is printed by recorder 26; if the score 

40 exceeds a certain limit, additional alarm messages are printed, and/or optic or acoustic indicators are switched on. 
Detailed information on the reason of an alarm, or a certain score, is only printed when a reasoning key has been 
pressed (see below). 

In order to adapt the expert system to the specific demands of the user, fetal monitor 25 may further be connected 
with a personal computer 27 (via line 28). It is understood that the fetal monitor comprises the necesssary interfacing 
45 hardware therefore. It is further understood that, instead of personal computer 27, a display or the like may be used 
(in this case, the display is driven from the fetal monitor directly, instead of using "front end" software installed in the 
personal computer). 

If a connection between fetal monitor 25 and personal computer 27 is set up, the score tables, rules etc. of the 
expert system may be adapted (in a way to be described below) to the single user's needs. The revised tables, rules 

50 etc. are then stored in the expert system hardware contained in fetal monitor 25, which then operates according to the 
revised information. Thereafter, connection 28 is cut, so that fetal monitor 25 may operate as stand-alone unit (in fact, 
connection 28 is only established in order to edit the expert system's rules; fetal monitor 25 is disconnected from 
personal computer 27 during operation, i.e. when monitoring a pregnant woman). 

It is understood that measures are provided to copy the revised rules, tables etc. of fetal monitor 25 directly to 

55 other fetal monitors, e.g. by an appropriate interface. This is particularly useful if the expert system rules are intended 
to be uniform in all fetal monitors in a hospital; in such case, only one editing process is necessary. The revised infor- 
mation of one monitor may then be copied to other fetal monitors by e.g. pressing a certain control sequence of keys 
which initiates the transfer of this information to another fetal monitor via appropriate interfaces and transmission lines. 
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Fig. 3 depicts an alternate embodiment of the present invention. A multiplicity of fetal monitors 29a to 29e are 
connected (transmission lines 30) with a central station 31 (here a personal computer; it is understood that this could 
be a minicomputer, a workstation or the like as well). The central station may control the fetal monitors of several 
delivery rooms or even of a hospital. 

5 Any of fetal monitors 29a to 29e transmits its CTG data (e.g. fetal heart rates of one or two fetuses, TOCO, maternal 

heart rate) to central station 31. An expert system installed in central station 31 processes and assesses the various 
CTG data of fetal monitors 29a to 29e in distinct time intervals, e.g. every 10 minutes. The CTG traces, as well as the 
assessment, may be displayed on screen 31a of central station 31 , or be printed on a printer 32 (or a recorder, or a 
plotter) which is connected with the central station. Basically, the expert system installed in central station 31 operates 

10 in a similar manner as the expert system of fetal monitor 25 (Fig. 2). A major advantage of the configuration of Fig. 3 
is that messages, score tables etc. may be displayed immediately on screen 31a (e.g. in the form of windows); this is 
particulary helpful if reasoning is activated, i.e. the reasons for an alarm or a distinct score are requested by the user. 
Further, the editing process (i.e. adaptation of the expert system's rules and tables) may be performed directly on 
screen 31a. Last not least, the central station saves personnel, as the permanent assistance of midwives in every 

is delivery room is not required. 

Of course, it is not a strict requirement that the expert system be installed in central station 31 . It is understood 
that fetal monitors with local expert system (like fetal monitor 25 in Fig. 2) may also be connected with a central station. 
In such case, the central station does not contain an expert system of its own. Instead, the remote fetal monitors 
process and assess the CTG data locally and transmit them (and, optionally, also their CTG assessment, e.g. the 

20 score) to the central station. Editing of the rules of the local expert systems may then be performed on the screen of 
the central station. A further solution is a distributed expert system (partially installed in a fetal monitor, and partially in 
a central station). 

The major components of and the signal flow in a fetal monitor and the expert system will now be explained by 
the block diagram of Fig. 4. In this case, a stand-alone fetal monitor, i.e. a fetal monitor with integrated expert system, 
25 has been chosen. 

The fetal monitor is generally drawn as a box 33. It is connected with a recorder 34 (which is usually integrated 
into the housing of the fetal monitor); instead, a display could be used as well. Two transducers are designated as 35 
and 36; 35 indicates a fetal heart rate (FHR) transducer, e.g. a scalp electrode or an ultrasound transducer, and 36 
indicates the TOCO (or labour) transducer, which may be of the external or internal type. Reference number 37 relates 

30 to a personal computer or similar device to edit the expert system's rules (as mentioned above, the connection 38 to 
personal computer 37 is not permanent, but only used during the editing process). 

The signals of transducers 35 and 36 are fed, via connection lines 39 and 40, to an interfacing circuit 41. The 
details of such interfacing circuitry are prior art and will therefore not be described in detail here. In particular, the 
circuits necessary to extract the fetal heart rate from an ultrasound signal (e.g., demodulator, autocorrelator etc.) relate 

35 to this kind of interfacing circuitry. Further, certain filters (whether hardware or software filters) may be incorporated in 
the interfacing circuitry, e.g. a notch filter which reduces mains interference. 

The signal of interfacing circuit 41 is then fed to a preprocessor 42. The preprocessor performs several measures 
to improve signal quality, in order to ensure reliable detection of events in the CTG. Further, it performs transformation 
into the frequency domain by means of a Fast Fourier Transformation (see FFT Handler 62). 

to Operation of preprocessor 42, inasfar as related to the processing of the fetal heart rate, will be understood from 

Figures 5 to 15. Fig. 5 depicts an overall flowchart starting with label "START* (reference number 43). 

In a first box labeled as 44, preprocessing of the FHR in the time domain is performed. Such preprocessing com- 
prises the steps of removing jumps (reference number 45), eliminating DC components (reference number 46) and 
applying a window function (reference number 47). The details of the various steps of time domain preprocessing will 

45 be discussed now. 

The FHR received from interface circuit 41 (Fig. 4) may contain so-called (vertical) "jumps", i.e. sudden and con- 
siderable changes in the fetal heart rate. Such jumps may e.g. be caused by bad electrode contact. An example of a 
FHR trace containing a jump is shown in Fig. 6a. The horizontal axis of this diagram represents time; in this case, as 
the FHR is sampled in the fetal monitor resulting in a discrete function in time, several samples i in time have been 
50 drawn, 0<i<551 . (The samples are related to real time by the relation t=i*AT, wherein AT is the sampling period). The 
vertical axis depicts the fetal heart rate samples \r x in bpm (beats per minute), 50<trj<160. 

It will be observed that the FHR trace contains a considerable negative vertical jump (reference number 48) from 
approx. 115 bpm to approx. 60 bpm and a corresponding positive vertical jump (reference number 49). Such jumps 
impact the FHR signal, and consequently its subsequent assessment, considerably. This applies particularly for the 
55 assessment in the frequency domain. The occurence of a jump in the time domain corresponds to the overlay of an 
si-function (sin x/x) to the original spectrum. The weight of the si-function is proportional to the height of the jump. 

This is illustrated by Fig. 6b which depicts the discrete fourier spectrum of the function of Fig. 6a. The horizontal 
axis represents the discrete frequency k, 0<k<32, and the vertical axis the amplitude IF k l of the fourier components. 
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The overlayed si-function is indicated by dashed line 50. It will be appreciated that the si-function contributes in particular 
to the low-frequency components. As the subsequent assessment of the FHR trace is partially based on its components 
In the frequency domain, it will be appreciated that the components created by the jump will partially distort the spectrum 
and therefore may lead to inappropriate diagnosis. 
5 Therefore, it is of clinical advantage to remove the vertical jumps in the FHR time trace. This is performed in box 

45 (Fig. 5). The difference between two subsequent FHR samples is compared with a predefined, adaptive or adjustable 
limit, and if this limit is exceeded, it is identified as a "jump" and thus removed from the trace. Preferably, the limit is 
L=15 bpm, such that a jump is identified when 

ltr k1 -trjl > 15 bpm. (1) 

10 Removal of the jump may be performed by subtracting the amplitude of the jump from the sample upon which the jump 
has been noted, and from all future samples. For example, if in the trace of Fig. 6a the difference between two subse- 
quent samples (jump at reference number 48) is 

tr i+1 - tr s = 60 bpm - 1 1 5 bpm - -55 bpm (2a) 

75 (I-55 bpml = 55 bpm > 15 bpm, i.e. limit exceeded), (2b) 

the difference of -55 bpm will be subtracted from the amplitudes of all future samples, i.e. 

Uj := tr. - (-55 bpm) = tr } + 55 bpm (3) 

It has to be noted that the above subtraction has to be made for all future samples. In the example of Fig. 6a, the 
second jump (reference number 49) compensates for the first jump, so that no correction is necessary after the second 
20 jump. 

The result of jump removal is depicted in Fig. 7a. The corresponding spectrum in the frequency domain (Fig. 7b) 
shows that the si-function, in particular their low-frequency components, have been removed. 

The second step of time domain processing (Fig. 5) consists in the removal of the direct component (box 46). This 
makes further processing, e.g. area calculations, easier. For this purpose, either a constant, or (preferably) a long-term 
25 average of the FHR trace is subtracted from the actual trace. It is also possible to pass the FHR trace through a low- 
pass filter with long time constant (in mathematical terms, this this is an equivalent to the subtraction of a constant); 
the time constant may also be adaptive. 

The process of DC removal is illustrated by Figs. 8a to 9b. Fig. 8a depicts the FHR trace in time prior to DC removal, 
and Fig. 8b its spectrum (in effect, these figures are identical to Figs. 7a and 7b, but drawn repeatedly to illustrate the 
30 effect of DC removal, i.e. the status prior to and after DC removal, on a single page). 

Figs. 9a and 9b show the trace in time, and the associated Fourier spectrum, after DC removal. The samples in 
time have been denoted as tnrij (instead of tr jt as in Fig. 8a). They are now evenly distributed around the horizontal 
zero axis. 

A problem of Fast Fourier Transformation is that, due to the limited duration (in time) of the original signal (which 
35 corresponds to a multiplication with a rectangular window), spectral "leakage 1 ' is observed, i.e. the frequency maximum 
is broader than that of the unlimited original signal, and secondary maxima occur which are not present in the unlimited 
original signal. In order to suppress or reduce the effects of spectral leakage, the time trace of the FHR is multiplied 
with a window function. Preferred window functions are the Hamming window (te(1-cos(27tk/N))) or the Interim Data 
window (Tukey). 

*o Box 47 (Fig. 5) relates to the appliance of a window function. The effect is illustrated in Figs. 1 0a to 1 2b. 

Figs. 10a and 10b show the time trace and the Fourier spectrum of the FHR after DC elimination, but prior to 
application of a Hamming window (these figures correspond to Figs. 9a and 9b). The time response of the Hamming 
window is depicted in Fig. 11a, o>j being its amplitude; likewise, its frequency response is depicted in Fig. 11b, IFa^l 
indicating the amplitude in the frequency domain. It will be noted that, due to the cosine function, the spectrum of the 

45 Hamming window is very small. 

The FHR signal of Fig. 10a and the Hamming window function of Fig. 11a are subject to convolution in the time 
domain (which corresponds to a multiplication of their spectra in the frequency domain). The resulting time and fre- 
quency responses, tj and IF k l are shown in Figs. 1 2a and 1 2b. It will be noted that several high-frequency components 
of Fig. 10b, which correspond to secondary maxima, have been attentuated considerably in the spectrum of Fig. 12b. 

50 Returning to Fig. 5, the above steps describe the processing of the FHR trace in the time domain (box 44). Process- 

ing proceeds now with transformation into the frequency domain. First, the preprocessed FHR time trace is subject to 
Fast Fourier Transformation (FFT, box 51 ). Preferably, a Fast Hartley Transformation (FHT) is used for this purpose, 
wherein the Fourier coefficients of interest are derived from the even and odd parts of the Hartley values. The result 
is the absolute spectrum of the IF k l values, depicted in Fig. 13a, and the power spectrum, i.e. the spectrum of the 

55 power coefficients P k (Fig. 1 3b). 

Box 52 in Fig. 5 further indicates the appliance of a filter function in the frequency domain, i.e. the multiplication 
of the obtained spectra with the coefficients of the filter. The filter reduces the low frequency components of the spec- 
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trum, which is useful to derive the amplitude and frequency of FHR variability. In turn, amplitude and frequency of the 
FHR variability are important parameters for the evaluation and the "scoring" (e.g. Hammacher score) of the CTG. 

A first preferred filter function is depicted in Fig. 1 4. This is a linear filter. Its characteristics may be adapted to local 
requirements by appropriate selection of the values for the amplitude offset, "filterOval", and its width "filterwidth". The 
fetal monitor offers default "filterOval" and "filterwidth" values, which may be adapted by the user to his specific re- 
quirements, in a manner similar to the editing processes described below. In the example of Fig. 14, "filterOval" has 
been selected as l 0 =0.5, and "filterwidth" as k=10. This results in a frequency response with reference number 53. I k 
are the filter coefficients in the frequency domain, i.e. the frequency amplitudes. 

An alternate filter function, namely an exponential filter, is depicted in Fig. 15. The coefficients of this filter are 

e k = (1 - filterOval) * [1 - exp \ - 11 + filterOval (4) 

1 L filterwidth -»J 

As in the case of the linear filter, the user may either use the default values for "filterOval" and "filterwidth", or his 
own ones. 

An example of the exponential filter for filterOval : = 0.33 and filterwidth : = 10 is drawn in Fig. 15. 

The next step in the diagram of Fig. 5, after appliance of the filter function, is to calculate the frequency and the 
amplitude of the FHR variability. It is well known in the art that one of the clinically most important parameters of the 
fetal heart rate is its variability, i.e. the amplitude and frequency of medium-range fluctuations (in the range of approx. 
2-6/min, in contrast to the baseline level <2/min and the fast oscillations >6/min, cf. Hammacher, "Einfuhrung in die 
Cardiotokographie", Boblingen 1 978). 

According to the present invention, information on FHR variability is obtained in the frequency domain. This infor- 
mation is generated on a short-intervallic basis, i.e. not in longer time intervals (as the assessment of the CTG). 

Two characteristics are important for FHR variability. The first is its frequency which is searched for in the FFT 
spectrum (box 54 in Fig. 5) as the spectral line with the maximum amplitude, i.e. 

(5) 

i-m 



f VAR = max (F(iAw)) 



wherein F(iAco) denotes the amplitude of the single spectral lines, Aco the frequency spacing between subsequent 
samples, m is the index of the lowest spectral line regarded, M is the corresponding highest index, and f VAR is the 
frequency of FHR variability. Low frequency components, i.e. spectral lines, have already been suppressed in the 
preceding filtering step (box 52). 

Similarly, in box 55 of Fig. 5, the amplitude of FHR variability is calculated as 

AvaR= C * ^ |F(iA«)| (6) 
•™ m 

Note that, as the frequency of FHR variability is not restricted to a single spectral line (and may even be subject 
to slight changes, which is reflected by a small spectral leakage, as the regarded time interval is not infinitesimally 
small; i.e., due to the time interval regarded when performing the FFT, a frequency change of the FHR variability 
occuring during that time interval results in leakage of the associated spectral line). Therefore, the above formula (6) 
sums the amplitudes of several spectral lines in the environment of the maximum line (limits m, M in formula (6) are 
not identical to limits m, M in formula (5)). 

It is possible to sum simply the amplitudes of a certain amount of spectral lines in the environment of the maximum 
line, e.g. from i=-3 to i=+3. The amount of spectral lines to be taken into account may also be user-configurable. Instead, 
and more advantageously, only sidelobes with a certain amplitude, e.g. >80% of the maximum lobe, are taken into 
account. The frequency boundaries of the medium-range fluctuations, e.g. 2/min and 6/min, may be used in order to 
prevent the addition of sidelobes in another frequency band, or with an amplitude which exceeds the amplitude of the 
main lobe. Alternatively, the number of sidelobes (secondary maximum) to be taken into account may be specified. 

C is a scale factor. 

The amplitude and frequency of FHR variability is then stored in a spectral characteristics buffer (box 56) for further 
evaluation. That is, the later assessment of the CTG is, among other, based on a time trace of the frequency and 
amplitude of FHR variability and can thus be evaluated for certain statistical criteria (see below). The "time window" 
for calculating frequency and amplitude of FHR variability (i.e. the number of samples taken for executing the FFT) is 
usually around 1 minute, but may be adapted by the user to his specific needs (see also below). 

Further spectral characteristics may be calculated which are of importance for evaluating the CTG, e.g. frequency 
and amplitude of the baseline variability (lower than 2/min) or of high-frequency oscillations (> 6/min). These calcula- 
tions have not been shown in detail in the diagram of Fig. 5. However, the results of these calculations may be stored 
in spectral characteristics buffer 56 as well, like the Fourier spectrum itself. 
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Operation of the preprocessor stops at "RETURN" label 57. The preprocessor may now perform other tasks and 
start the routine of Fig. 5 again later. 

For the purpose of further processing, as well as recording and/or display, the FHR trace in time is also fed from 
preprocessor 42 to a real time wave buffer 58. This may be the original time trace as entered into box 44, or the time 
5 trace after removal of the jumps, depending on the needs of the specific application. 

Further, trend information is generated. This is compressed information on the time trace, e.g. in the form of a 
histogram, which may be invoked (printed, displayed) by the physician in case he wants to know the reasons for an 
alarm or a certain CTG assessment, or if he simply wants information in case he has been absent for a longer time 
period. 

io For this purpose, a data compressor 59 is provided. It extracts the major characteristics of the time trace and stores 

them in trend buffer 60, for the purpose of later processing and recording. 

The outputs of real time wave buffer 58, as well as of trend buffer 60, are fed to an interface 61, which, in turn, is 
connected with recorder 34. 

In equidistant time intervals, the fetal monitor performs an assessment of the cardiotocogram, i.e. of the fetal heart 
is rate in relation to the TOCO recording. Typical time Intervals are 10 minutes, wherein the assessment of the CTG is 
based on its characteristics (time and frequency) of the last 30 minutes. However, the intervals of assessment, as well 
as the time window taken for the assessment, may be adjustable. Further, assessments may be produced in case 
special conditions occur, or upon request (e.g. pushing of a button) of the user. 

Assessment is made in several steps. For this purpose, a trace processor 63, a validation processor 64, a classi- 
20 fication processor 65, a statistics processor 66 and a score processor 67 are provided. Operation of these processors 
will now be explained in detail. 

1. First, it uses the output of preprocessor 42, i.e. the contents of real time wave buffer 58, trend buffer 60 and 
spectral characteristics buffer 56 to generate several mathematical expressions which describe the baseline of 
25 the FHR. Such may e.g. be the level or the variability of the baseline. The baseline level is the mean value of the 

FHR, calculated with a long (preferably adjustable) time constant. It can be used to classify the FHR as normal, 
bradycardic or tachycardic. 

Evaluation of the baseline variability consists of the calculation or determination of several characteristics of the 
30 FHR. These are primarily: 



a) The amplitude of the micro fluctuation, i.e. of the beat-to-beat variation, including the determination of minimum 
and maximum, and calculation of statistical expressions such as standard deviation etc. over a selectable time 
range. 

35 

b) The amplitude of the macro fluctuation and determination of the period(s) of time during which this amplitude 
remains in one of n selectable ranges. Ranges could e.g. be <5 bpm, 5-10 bpm, 10-25 bpm and >25 bpm, corre- 
sponding to a classification of the FHR as silent, undulatory, limited undulatory and saltatory. Such amplitude is 
determined from the spectral analysis, i.e. by investigating the spectral components of the Fourier-transformed 

40 FHR. 



c) Correspondingly, the frequency of the macro fluctation may be determined. This analysis also uses the spectrum 
and determines period(s) of time during which the frequency is in one of n selectable ranges, e.g. <1/min, 1 -2/min, 
2-5/min, 5-6/min and >6/min. 

d) Last not least, the macro fluctuation may then be classified according to type and time. Likewise, a time com- 
pressed trend of amplitude and frequency of the macro fluctuation may be generated and stored in trend buffer 
60 (cf. arrow 68). 

Sinusoidal oscillations may also be detected and quantized using the Fourier spectrum. This is extremely valuable 
diagnostic information. 

The results of the calculations are temporarily stored and used later for the final assessment of the CTG; in part, 
they also serve as inputs for statistics processor 66. 

2. Second, trace processor 63 looks for accelerations in the fetal heart rate trace. For this purpose, several param- 
eters are calculated which may then be used to classify a certain period of the FHR as "acceleration". 
Typical and preferred parameters are: 
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a) Area under a suspected acceleration, i.e. between begin of acceleration (BOA) and end of acceleration 
(EOA). The specific meaning of these (and some of the following) abbreviations are illustrated in Fig. 1 8 which 
depicts, in its upper trace, an example of an FHR reading, and in its lower trace an example of a TOCO reading. 
Reference number 69 in this figure illustrates a typical acceleration with area AREAA. BOA is the begin of the 

5 acceleration, EOA its end and DOA its duration. 

b) Duration (DOA) of a suspected acceleration, by identifying its begin (BOA) and its end (EOA). 

c) Amplitude of the acceleration, i.e. the maximum of the FHR and is difference to the calculated baseline 
10 (designated as "AMPLA" in Fig. 18). 

3. Likewise, decelerations are identified in the fetal heart rate trace. Preferred parameters for identification of a 
deceleration are: 

a) Amplitude (difference of the minimum of suspected deceleration to the baseline). In the deceleration 70 
depicted in Fig. 18, this amplitude has been designated as "AMPLD". A time compressed version may also 
be sent to trend buffer 60. 

b) Total duration ("DOD" = duration of deceleration in Fig. 1 8), i.e. the time between begin of deceleration BOD 
and end of deceleration EOD. The result is stored for further processing; a time compressed version is sent 
to trend buffer 60. 

c) Recovery time ("REC_TIME" in Fig. 18). The ascending branch of the deceleration ("SLOPE_ASC") is 
approximated by a straight line, and the point in time where this straight line crosses the baseline is calculated. 
The time between this "artificial" point in time (i.e. the point in time when zero-crossing of the FHR could be 
expected) and the point in time when the FHR actually reaches the baseline ("EOD") is the recovery time. 
Apart from preliminary storing, a time compressed trend of the recovery time, as well as of the recovery time 
per deceleration area, is sent to trend buffer 60. 

d) Total area under the deceleration ("AREAD" in Fig. 18), i.e. area between FHR trace and baseline, between 
BOD and EOD. Time compressed trend of area is sent to trend buffer 60. 

e) Residual area. This is the total area between the baseline and actual FHR trace from "expected EOD" to 
actual "EOD" (outlined as "RES_AREA B in Fig. 1 8). Stored and time compressed trend is sent to trend buffer 60. 

f) Slope of descending part ("SLOPE_DESC"). This is the slope (i.e. an approximated straight line) between 
"BOD" and the point where the FHR has reached 80% of its minimum. The slope may then be classified. 
Compressed trends of the slope and its classification are sent to trend buffer 60. 

g) Latency time between the begin of a contraction ("BOC") in the TOCO channel and the begin of a deceler- 
ation ("BOD") in the FHR channel. The latency time is not expressly indicated in Fig. 18. A time compressed 
trend of the latency time is sent to trend buffer 60. 

h) Lag time, i.e. the time between the maximum of a contraction in the TOCO channel and the minimum of a 
deceleration ("AMPLD") in the FHR channel. The lag time is not expressly indicated in Fig. 18. A time com- 
pressed trend of the lag time is sent to trend buffer 60. 

4. The fourth task of trace processor 63 is to identify possible contractions in the TOCO channel. Preferred param- 
eters for identification are: 

so 

a) Resting tone (identified as "RESTI NG_TONE" in Fig. 18), i.e. the baseline of the TOCO channel. 

b) Amplitude of contraction ("AMPLC" in Fig. 18), i.e. the maximum of a suspected contraction over baseline 
RESTING_TONE. In order to determine a reliable amplitude, possible artifacts (e.g. caused by breathing) 

55 have to be removed. 

A mean value, namely the mean of the amplitudes of contractions over a prescribed time period (e.g., 10 
minutes), may also be calculated. A time compressed trend of this mean value, and of the actual amplitude, 
is stored in trend buffer 60. 



16 



20 



25 



30 



35 



40 



EP0 564 459 B1 



c) The time between the onset of a contraction and its maximum ("TMAXOC 1 ' in Fig. 18), as well as the area 
under the TOCO trace between these points in time (labeled as "AREATA" in Fig. 18). 

d) In similar manner, the time between the maximum of a contraction and the end of this contraction may be 
5 calculated, as well as the area under the TOCO trace between these points in time ("AREA_B" in Fig. 18). 

e) Last not least, the complete area under a contraction, that is AREA_A+AREA_B. 



With reference to Fig. 18, the following is a complete list of abbreviations used for the FHR trace in the upper 
io channel and the TOCO trace in the lower channel: 





BASELINE 


DC value of FHR trace 




V AR_AM PL_BE FORE 


Amplitude of the FHR variability prior to occurence of an acceleration or deceleration 




VAR_FREQ_BEFORE 


Frequency of the FHR variability prior to occurence of an acceleration or deceleration 


15 


BOA 


Begin of acceleration 




EOA 


End of acceleration 




DOA 


Duration of acceleration 




AREAA 


Area under acceleration 




AMPLA 


Maximum amplitude of acceleration 


20 


BOD 


Begin of deceleration 




EOD 


End of deceleration 




DOD 


Duration of deceleration 




AREAD 


Area under deceleration 




AMPLD 


Maximal amplitude of deceleration 


25 


SLOPE_DESC 


Falling slope of deceleration, approximated by straight line 




SLOPE_ASC 


Ascending slope of deceleration, approximated by straight line 




VAR_AMP_!NSIDE 


Amplitude of FHR variability during minimum of deceleration 




VAR_FREQJNSIDE 


Frequency of FHR variability during minimum of deceleration 




REC_TIME 


Time delay between the point where straight line SLOPE_ASC crosses the baseline and the 


30 




point in time when the FHR actually reaches the baseline again 




RES_AREA 


Area between FHR, SLOPE_ASC and BASELINE 




TMINOD 


Minimum delay time between onset of deceleration and its maximum 




RESTING_TONE 


DC value of TOCO trace 




BOC 


Begin of contraction 


35 


EOC 


End of contraction 




DOC 


Duration of contraction 




AMPLC 


Maximum amplitude of contraction 




AREA 


Total area between contraction and RESTING_TONE 




AREATA 


Area between begin of contraction, its maximum and RESTING_TONE 


40 


AREA_B 


Area between maximum of contraction, its end and RESTING_TONE 




TMAXOC 


Maximum delay time between onset of contraction and its maximum 



It is understood that mathematical characteristics other than those explicitly shown in Fig. 18 may be used as 
criteria as well, e.g. the time delay between a contraction in the TOCO trace and a deceleration in the FHR trace. 

45 it has to be outlined that operation of trace processor 63 is very sensitive, i.e. the trace processor will classify as 

many as possible patterns as accelerations, decelerations or contractions. This means, on the other hand, that the 
trace processor is not very selective. The purpose of this strategy is not to miss any acceleration, deceleration or 
contraction - in the first step performed by the trace processor, as many as possible patterns are identified as accel- 
erations, decelerations and contractions, whereas in a second step, performed by validation processor 64 (see below), 

so only those of interest are filtered". As the operating rules of the validation processor are adaptable (see also below), 
the sensitivity of the fetal monitor for accelerations, decelerations and contractions may be "tuned" to the specific user's 
needs. 

It should be outlined here that all (or at least the majority of) operating rules of trace processor 63 are provided by 
an expert system. Basically, the expert system offers at least one default set - preferably, a selection among several 
55 default sets - of operating rules. However, via an appropriate expert system interface (e.,g. personal computer 37), 
those rules may be edited, i.e. changed, or even new rules may be defined. This process will be described in detail 
below, according to the rules for classification processor 65 (which uses a multiplicity of user definable rules). However, 
even trace processor 63 works according to some changable rules, e.g. the length of the "time window" for calculating 
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the baseline parameters. 

The concept of the invention is also illustrated, in a more sketchy way, in the diagram of Fig. 16. This diagram 
depicts the basic features and characteristics of the single processing elements, as well as signal flow in the present 
invention. 

5 The rough CTG is outlined as 71 in this figure. First of all, it is subject to algorithmic parameter extraction (box 72). 

This is effectively the task performed by trace processor 63. The trace processor operates under control of a rule 
interpreter 73. 

The rules of a rule interpreter 73 may be edited via a rule editor. In the depicted example, this is a graphical 
interactive expert interface 74. The rules concerning algorithmic parameter extraction are the so-called "parameter 
10 settings" (box 75). As outlined above, these rules may be edited; on the other hand, they control rule interpreter 73 
and thus (arrow 76) operation of the algorithmic parameter extraction 72. 

Box 72 generates rough (i.e., unqualified) information about the baseline parameters (77), accelerations (78), 
decelerations (79) and contractions (80). One will note that these are exactly the tasks of trace processor 63 in the 
environment of Fig. 4. 

1* The outputs of "pots" 77-80 are fed to rule based pattern validation (box 81 ). In this step, so-called "valid contrac- 

tions" (reference number 82) are selected from the multiplicity of candidates for contractions, as provided by "pot" 80. 
A valid contraction is a contraction which fulfils several additional criteria. These criteria are provided as a standard or 
default set of rules in the expert system (preferably, there are even several selectable standards); however, even these 
criteria or "rules" are user changable or definable. "Pot" 83 represents said criteria, which may be edited (or additional 
20 criteria may be introduced) by expert interface 74; on the other hand, they control operation of rule interpreter 73, and 
thus operation of rule based pattern validation 81 as well. 

Box 81 further generates validated (or valid) decelerations 84 (from the "rough" decelerations in "pot" 79), valid 
accelerations 85, the baseline average 86 and the baseline variability 87. 

The remaining components in Fig. 1 6 will be discussed later It should be noted that arrow 88 indicates the direction 
25 of CTG interpretation, and arrow 89 the direction of expert interpretation control. 

Returning now to Fig. 4, validation processor 64 performs the task of rule based pattern validation in Fig. 16, i.e. 
it selects those of the possible candidates for accelerations, decelerations and contractions identified by trace processor 
63 which fulfil certain criteria and may therefore reliably regarded as events. 

The criteria or rules may e.g. be a minimum duration of a deceleration or a contraction, a minimum amplitude, a 
30 minimal or maximal area or the like. As already mentioned, these rules may be adapted to a specific required environ- 
ment or application under expert control. For this purpose, validation processor 64 cooperates with a rule memory 90 
(connection 91) containing the actual (and possibly alternate) set(s) of rules. A typical rule for identifying a valid con- 
traction may e.g. be 

if DOC > 25 and AREA > 150 then CONTRACTION is VALID 
35 (DOC = duration of contraction, AREA = area between contraction and resting tone, cf. Fig. 18). 

The contents of rule memory 90 may be edited by an expert. For this purpose, it is connected with an expert 
interface 92 (e.g. a processor generating graphical overlay information), which, in turn, is connected via interface 93 
with personal computer 37. By the way, the rules of trace processor 63 may be edited in a similar manner (connection 
94). 

40 The output of validation processor 64 is connected with classification processor 65 which classifies the events 

recorded by the preceding stages according to their diagnostic meaning. As a simple example, a deceleration may be 
classified as "late" with respect to a preceding contraction, which is valuable diagnostic information. 

To some extent, operation of the classification processor 65 is the "heart" of CTG interpretation, as this is the basis 
for diagnostic assessment of the fetal condition, and thus has considerable consequences for therapy (e.g., decision 
45 on a sectio, i.e. a Caesarean section). Its rules are subject to editing, see arrow 97. 
Detailed examples for classification are: 

An acceleration may particularly be classified according to its type, its amplitude (in n classes) and its duration (in 
m classes). In turn, typical type classifications are: 

50 - periodical - i.e. synchronous with contractions, 
nonperiodical 

initial - i.e. before deceleration, 
compensatory - i.e. after deceleration, 
sporadic, 

55 

etc. The possible types, and the rules identifying those types, are stored in rule memory 90. A typical criterion for 
periodic accelerations would e.g. be that the time shift between accelerations and contractions does not exceed a 
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certain limit. 

The results of the classification are temporarily stored; a compressed version is also sent to trend buffer 60. 
Likewise, the decelerations may be classified according to their type, their amplitude (in n classes) and their du- 
ration (in m classes). Typical classifications of types of decelerations are: 

- late, 
variable, 
early, 

prolonged, 
10 - sporadic, 
periodic, 
late variable, 

etc. A compressed version of the deceleration classification is also sent to trend buffer 60. 
f s As in the case of the accelerations and decelerations, the contractions may be classified according to their ampli- 

tude (in n classes) and duration (in m classes), as well as their type. Typical types are: 

TYPE 1 (AREA_A > AREA_B, see Fig. 18), 
TYPE 2 (AREA_A = AREA_B), 
20 - TYPE 3 (AREA.A > AREA_B), 
small, 
normal, 
hyperstolic, 
strong, 
25 - oscillating, 

etc. A typcial rule for identifying a TYPE 1 (valid) contraction is e.g. 

if AREA_A > (AREA_B + 10) THEN CONTRACTION IS TYPE J 
Further examples for classifying the type of contraction are: 
30 if ARE A_A = (AREA_B +/- 1 0) then CONTRACTION is TYPE_2 

if AREATA < (AREA_B - 10) then CONTRACTION is TYPEJ3 
if AM PLC < 60 then CONTRACTION is NORMAL 
if AM PLC >= 60 then CONTRACTION is STRONG 
It will be appreciated that such rules may be edited, e.g. by changing the qualifiers or numeric values, or even by 
adding new rules. For example, the limit for classifying a contraction as strong could be altered from 60 to 70. Actual 
editing examples will be given below. 

Classification processor 65 further classifies the variability of the heart rate, also according to its amplitude and 
frequency (assigned to classes) and according to the type, e.g. as 



silent, 
undulatory, 
saltatory, 
sleeping, 
awake, 
stressed 

etc. Further, fetal movement may be detected. 

It is understood that time compressed trends of the contraction and variability classification are sent to trend buffer 
60 as well. 

In Fig. 16, the tasks of the classification processor are depicted by box 95 which relates to rule based classification. 
The classification rules as such (which are subject to expert editing) are indicated by "pot" 96. 

The output of the classification process is, by way of example, indicated by "pots" 98a-98d, 99a-99c and 100a- 
100c. 98a contains contractions classified as "normal", 98b contractions classified as "Type 1 Q , 98c contractions clas- 
sified as "Type 2° and 98d contractions classified as "Type 3". Likewise, 99a contains accelerations classified as "spo- 
radic"; the accelerations in 99b and 99c have been classified as "initial" and "compensatory respectively. In similar 
manner, pots 100a to 100c contain classified variabilities: 100a = "silent", 100b = "normal", 100c = "saltatory". It will 
be appreciated that the classifications drawn in Fig. 1 6 are, for graphical purposes, only some exemplary classifications; 
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other classifications, as well as the classification of the decelerations, are available (see the above lists), but not drawn 
here. 

For the purpose of illustration, establishment of a new rule will now be explained with reference to Figs. 17a to 
17n. Fig. 17o depicts the invocation of an existing rule prior to editing. Although this example describes the process 
5 of creating and modifying the rules relating to classification processor 65, it will be appreciated that the rules controlling 
operation of trace processor 63 and validation processor 64 may be edited in a similar manner. 

To begin creating a new rule, the expert (which may be the supervising physician in a hospital) invokes a menu 
on personal computer 37 (as mentioned above, for the purpose of editing the rules in a stand-alone fetal monitor, it 
may be necessary to connect the fetal monitor with a personal computer, display or the like). Control of the expert 
10 interaction, and invocation of menus, may either be performed by a program in personal computer 37, or by appropriate 
control instructions from expert interface 92. 

Fig. 17a depicts the menu appearing on the screen of personal computer 37. The Rule Editor (reference number 
101 ) offers the possibility to define a <pattern> (ref. no. 102) as being of <pattern type> (ref. no. 103) if a <condition> 
(ref. no. 104) is true. Further, it offers invocation of an existing rule (ref. no. 105) or acceptance ("write") of a built or 
is edited rule (ref. no. 106). 

Now let us assume that a new rule is to be created, i.e. the conditions of a rule have to be set up. The expert 
activates field 1 02, i.e. <pattern>. This may be done by moving a cursor to field 1 02 and pressing a key like the RETURN 
key on a keyboard, by moving a cursor with a computer mouse to field 102 and clicking the mouse key, by pointing to 
field 1 02 (on a touch screen) or the like. For the example in this description, it will be assumed that a mouse is available. 
20 Upon clicking on field 102, this field is marked, e.g. by inverting it or changing its colour. In Fig. 17b, marking is 

indicated by shading 1 07. 

Further, a secondary screen or sub-screen 1 08 appears on the screen, partially covering temporarily unused space 
or fields. Sub-screen 108 offers various alternatives for <pattern>s to be defined, namely CONTRACTION, ACCEL- 
ERATION, DECELERATION, BASELINE and VARIABILITY. An <edit> field 109 allows the expert to define further < 
25 pattern >s not yet existing in the expert system. 

Now let us assume that CONTRACTION has been selected as the < pattern > to be defined, by moving the cursor 
(with the mouse) to field 110 and clicking on that field. The label <pattern> in field 102 disappears and is replaced by 
■CONTRACTION", as shown in Fig. 17c. Likewise, sub-screen 108 disappears. 

In the next step, the expert may click on field 103, namely <pattern type>. This field becomes shaded, and a second 
30 sub-screen 111 appears (Fig. 17d) offering various <pattem type>s of CONTRACTION for selection. It will be appre- 
ciated that the contents of the sub-screen depend on the selected <pattern>, i.e. if anothem <pattern> than CON- 
TRACTION had been selected, another sub-screen would appear in the second step. 

Sub-screen 11 offers predefined characteristics of CONTRACTION, namely SMALL, NORMAL, HYPERSTOLIC, 
STRONG, OSCILLATING, TYPE 1 and TYPE 2 (TYPE 3 may also exist, but has been omitted in Fig. 17d for graphical 
35 purposes). Further, the user may define additional < pattern type >s not yet present in the expert system by using the 
<edit> key 112. 

Assumed STRONG has been chosen as the <pattern type>, <pattem type> will be replaced by STRONG, and 
sub-screen 111 will disappear. The screen looks now as shown in Fig. 17e. 

Next, the expert clicks on <condition> field 104, which will be shaded or highlighted (Fig. 17f). Sub-screen 113 
40 offers now two predefined ways to define the condition: 

Clicking on "CONTRACTION is" field 114 may be used to define a rule dependent on another definition of CON- 
TRACTION, e.g. in the form "CONTRACTION is STRONG if CONTRACTION is HYPERSTOLIC". "Expression <rel> 
expression" field 115 may be used to define the <pattem> in dependence of certain parameters as e.g. determined by 
trace processor 63, and the <edit> field 116 offers the possibility to define further conditions, on request of the expert. 
45 in the given example, field 115 has been clicked on. As shown in Fig. 17g, sub-screen 113 disappears, and the 

<condition> field 104 (Fig. 17f) is replaced by three additional fields 117-119, labeled "expression", "<rel>" and "ex- 
pression". 

Fields 117-119 allow the user to define parameters ("expressions", 117 and 119) and their relation ("<rel>", 118) 
to each other. 

50 |f the expert clicks on field 117, the screen is modified as shown in Fig. 17h; i.e., field 117 is shaded, and sub- 

screen 120 appears. Said sub-screen offers certain parameters, like "Begin of contraction" (BOC). Needless to say 
that the appearing parameters depend on the selected <pattern>, i.e. for "<pattern> = DECELERATION", another sub- 
screen would appear. Like in the former steps, it is possible to define further parameters of interest with the <edit> key 
121 . The <edit> key may also be used to enter numeric values. 

55 in case "AREA_A" is selected as <expression>, <expression> field 117 is replaced by "AREA_A", see Fig. 17i, 

reference number 1 22. Clicking on <rel> field 118 leads now to the screen appearance of Fig. 1 7k, wherein the selected 
<rel> field 118 is shaded, and sub-screen 1 23 overlays part of the screen. This sub-screen offers several mathematical 
or logical operators for selection, e.g. ■=", ">", "#" or the like. It will be appreciated that there may be other possible 
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operators than shown, e.g. "AND 0 , "OR" etc. 

Let us assume ">" is the relation we are looking for. We click on field 124 and obtain the screen appearance of 
Fig. 171, i.e. B <rel>" field 118 has been replaced by V field 125, and sub-screen 123 has disappeared. Selection of 
■expression" field 119 leads to the screen of Fig. 17m, wherein < expression > field 11 9 is shaded and sub-screen 126 
5 is shown (actually, as we are still editing contractions, this is the same sub-screen as sub-screen 1 20 in Fig. 17h). 

We select now "AREA_B" (reference number 127). This leads to the final screen depicted in Fig. 17n which shows 
the new rule we defined: 

CONTRACTION is STRONG if AREA_A > AREA_B 
It will be appreciated that neither the above process of defining a rule, nor the screen appearance, nor the options 
10 offered, nor the overlay structure used, are mandatory for practising the present invention. It is also possible to add 
further steps to the editing process, for example, in order to define complex rules with several relations like 

CONTRACTION is STRONG if (AREATA > AREA_B) and AMPLA > = 60, 
or to define "intermediate" rules which themselves are used as parameters in a generic rule. 

The defined rule is then stored in rule memory 90 (Fig. 4). In the representation of Fig. 16, this would be pot 96 
15 containing the classification rules. 

The following table lists several useful <pattern>s, together with possible <pattern type>s, <condition>s, expres- 
sions and < relations: 

20 
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As mentioned above, there is also the possibility of invoking already existing rules and to edit, i.e. modify them. 
One such example is the screen in Fig. 1 7o which would appear when key 1 05 ("Rules") had been pressed in Fig. 1 7a. 
In the screen depicted in Fig. 1 7o, the user could click on one of the displayed rules, in order to get it edited. He could 
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then modify the existing rule in similar steps than described above, i.e. click on one of its elements, get a sub-screen 

containing alternate selections, and select the right one. 

Returning now to the embodiment of Fig. 4, statistics processor 66 calculates several useful parameters (like mean 

and standard deviation) which may be invoked for trend processing, in case an alarm occured or simply if information 
5 about longer time periods is requested. It also gets information created by other processors such as trace processor 

63, stores the number and density of accelerations and decelerations, and the like. Its output is fed to statistics memory 

128 for later processing, invokement or for printing on recorder 34. The kind of information collected by the statistics 

processor, as well as its operation and the presentation or appearance of collected data, is likewise user-configurable, 

as indicated by connection 129 to rule memory 90. 
10 The next element to be discussed in the context of Fig. 4 is score processor 67 which is a major component of the 

present invention. 

It is common use in gynecology to assess the CTG manually and "score" it. Scoring means that certain criteria 
are checked for presence, e.g. the level of the FHR baseline is checked whether it is below 100 bpm. In case the 
checked criterion is detected (e.g., baseline <100 bpm), a number (the "score"; in this example: 4) is assigned to it. 
is Upon completion of this process, all single scores are added, thus revealing a "sum-score 0 . The sum-score is a com- 
bined assessment of the fetal condition. In case it exceeds certain limits, this is an indication that therapy is required, 
e.g. change of the mother's position, oxygen therapy or even Caesarean section. 

Usually, the sum-score is assigned to three different conditions of the fetus, namely "normal", "prepathologic" and 
"pathologic". 

20 A typical score table listing criteria and their score is depicted in Fig. 19. The patterns evaluated in this specific 

score table are baseline level average, number of accelerations greater than 1 5 beats per minute in amplitude, number 
of late decelerations with amplitude >60 beats per minute, average amplitude of baseline variability in bpm, and fre- 
quency of baseline variability (taken over the last 30 minutes). One will note that, for example, a frequency of baseline 
variability (FHR) below 1 oscillation per minute results in three score points. Another possible score table has been 
25 published in Hammacher, Einf uhrung in die Cardiotokographie, 2. Teil: Die Wehenmessung, Die Schweizer Hebamme, 
74. Jahrgang, 1. Juni 1976, Nr. 6, which is hereby incorporated by reference. 

There are several commonly used score tables, like the "Hammacher" score and the "Fischer" score, for manual 
evaluation of the CTG. Use of either of these score tables depends on the specific needs of a hospital, experiences 
in the past, and personal preference. However, it would be preferable to have a score table which even may be further 
30 adapted to the local environment of a hospital. Let us e.g. assume that, in a small hospital, a physician is not always 
present, in particular over night and during the weekend; instead, in case of complications during birth, he will be called 
by the midwife. Let us further assume that he needs 30 minutes from his home to the hospital. 

In such case, he may want early alert. For example, he may want to reduce the sum-score indicating a pathological 
condition from 5 to 4, or he may want to assign a higher score to late decelerations (which are always a serious 
35 indication that something goes wrong). 

For this purpose, the criteria in the score table, their values, the scores and the assignment of the sum-score to 
"normal", "prepathological" and "pathological" conditions is subject to expert control and editing, as depicted in Fig. 4 
by arrow 1 30. In the environment of Fig. 16, processing of the score table has been drawn by "rule based score table 
and alarming" box 131. The rules according to which this box operates are stored in "pot" 132 which indicates the 
40 score and alarm rules. Examples of rules used for scoring and assessment are: 

if <6 NORMAL CONTRACTIONS in 60 min. then CTG is NORMAL 
if >2 STRONG CONTRACTIONS in 10 min. then CTG is PREPATHOLOGIC 
if AOC in 10 min. >15 000 then CTG is PATHOLOGIC 
(AOC= Summed Amplitudes of contractions) 
45 Like in the preceding steps, those rules are subject to modification and editing by an expert via expert interface 74. 

As expert modification of the score table is one of the key points of the present invention, one typical example of 
an editing process will now be described with reference to Figs. 20a to 20d. As in the above examples, editing requires 
connection to an appropriate personal computer or display, in case a stand-alone monitor is used. 

On the first screen depicted in Fig. 20, the "Score Editor" mode (ref. no. 133) of the expert interface offers the 
50 choice to retrieve an existing score and modify it (field 134). (The fetal monitor may contain several defined or predefined 
score tables which may be activated according to the application; however, it is understood that only one of the defined 
score tables can be active, i.e. used for CTG evaluation, at a certain point in time. The process of activating an existing 
score table, i.e. designating it for a specific application, is not described in detail herein). This is the easiest way of 
generating a user defined score table and applicable in the majority of the cases, as the expert will usually only modify 
55 one or two specific features in an existing score table, instead of defining a completely new one. However, the expert 
interface also offers this choice ("Define new Score" field 135). Further, an "exit" field 136 may be used to terminate 
editing. 
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In the illustrative embodiment of the present example, "Retrieve Score" may have been selected. What appears 
is the screen of Fig. 20b, wherein the "Retrieve Score" field 1 34 has been highlighted or shaded (ref . no. 1 37). Further, 
the predefined score tables, i.e. score tables already existing in the fetal monitor (cf. ref. no. 1 32 in Fig. 16), are offered 
for selection (fields 1 38 to 1 42). 
5 Now let us assume that the expert selects editing of existing score #1 . The screen depicted in Fig. 20c appears. 

In this screen, line 143 indicates that the score presently defined as score #1 is the standard "Hammacher" score. 
The various fields offer now the follwoing choices: 

a) edit, i.e. modify the "Hammacher" score for specific needs (field 144); 
w b) select another standard score, namely "Fischer" score, "Manning" score or "Maeda" score (fields 145-147); 

c) exit editing (field 148). 

Note that fields 145 to 147 will be used quite often in practice, as the expert will frequently only desire to select 
another standard score table, but not to perform the task of defining a completely new score, nor to even modify one 
is of the standard scores. 

However, for the purpose of illustration, let us assume he wants to modify the standard "Hammacher" score. In 
case field 144 is selected, the screen of Fig. 20d appears. Sub-screen 149 represents the "Hammacher" score table 
(for graphical purposes, the contents of the score table have not been drawn). A certain feature, limit or other charac- 
teristics of this table may now be edited by moving the cursor to the respective field and clicking on it. The feature will 
20 then be highlighted or shaded, and another screen (not shown) will offer choices, or even allow free editing, of the 
selected feature. 

Instead, it is also possible to define a completely new feature not yet contained in the "Hammacher" score table, 
by clicking on "add" field 150. The expert interface will then enter an appropriate editing mode allowing the user to 
define a new feature, and the conditions under which it will generate scores. 

25 Editing mode will be left, and the modified score will be stored by clicking on "exit" field 148. 

By the way, the definition of a completely new score (ref. no. 1 35 in Fig. 20a) is performed in similar steps. A sub- 
screen for the features of the score table will then appear as well - however, the difference to the above example is 
that this form of a score table will be initially empty. 

In the embodiment of the invention described herein, automatic scoring is performed any 10 minutes, taking into 

30 account the CTG and the derived patterns of the last 30 minutes (which are values haven proven valuable in clinical 
practice). However, the interval between subsequent assessments, and the time frame taken into account, may likewise 
be subject to expert modification. 

It will be apparent from the above explanations that the score table is also used as some kind of "alarm table" 
defining the conditions under which an alarm or alert occurs. In the environment of Fig. 16, this is indicated by "lamps" 

35 1 51 to 1 53 which represent the classification, according to the score table, as "normal" (ref. no. 1 51 ), "prepathologic" 
(ref. no. 152) or "pathologic" (ref. no. 153). Classification as "prepathologic" or "pathologic" may cause various steps 
of alerting or alarming clinical personnel. 

In Fig. 4, this task is performed by alarm handler 154. In the symbolic representation of this figure, the "alarms 
out" output has been designated as 155. However, it will be appreciated that alarming may comprise several actions, 

40 like illuminating the red backlighting module on the front end of the fetal monitor (cf. backlighting modules 16 and 21 
in Fig. 1), switching on an acoustic alarm, transmitting an alarm message to a connected central station, recording the 
alarm on recorder paper (ref. no. 11 in Fig. 1), or the like. Further, the selected alarm or alert will depend on the 
assessment (normal/prepathologic/pathologic), or directly on the score. For example, a "prepathologic" assessment 
will not necessarily cause an acoustic alarm. 

45 The user of the fetal monitor has full control over the generated data. For example, he may request a score to be 

evaluated and printed, even out of normal order, by pressing an appropriate key or a keystroke sequence. Further, he 
may at any time cause the fetal monitor to print the trend information over a specific time range, the statistics, histograms 
etc. Of course, such is easier to perform if the fetal monitor is connected with a display or a central station equipped 
with a display; however, printout on an internal recorder is likewise possible. 

so An example is shown is Fig. 21 . This is the outline of a screen appearing on the display of a central station, or the 

printout on an internal recorder of the fetal monitor. 

The FHR real-time trace is shown as 157, and the TOCO real-time trace as 158. Shown are further: The time in 
10 min. intervals (ref. no. 159), fetal movements (ref. no. 160), the B Hammacher n score (161) and the "Fischer" score 
(162), also in 10 min. intervals. If a colour display or recorder is used, it is further possible to depict dangerous trace 

55 segments, like the strong decelerations 163a, 163b and 163c, in different colours (e.g. red instead of black). In case 
of a black-white display or recorder, different thickness of the lines, dotted lines etc. may be used. Likewise, detected 
valid contractions in the TOCO channel (see contractions 164a, 164b and 164c) may be marked or drawn in a different 
colour (e.g. blue). 
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Upon user request (e.g. pressing a designated button or entering a keystroke sequence), the score table 165 at 
a certain point in time is shown as an overlay window. In the given case, a short form of the "Hammacher" score table 
has been invoked and displayed. In the window, parameters or patterns contributing to the score are shown, as well 
as the sum-score (6.00 in this case). Further, the clinical assessment (here: Prepathological) is given. 
5 Further information of interest in the score table window is the time (01 :1 0:00) and the patient's name (MUELLER). 

Fields 166 and 167 offer choices to CLOSE the window, i.e. make it disappear, and to request help, respectively. 

The fetal monitor according to the present invention incorporates a further advantageous operating mode for sup- 
plying the user with information. This is the "reasoning" mode performed by reasoning processor 156 (Fig. 4) which 
will now be explained. 

10 As will be apparent from Fig. 21 , the fetal monitor displays or prints the sum-score, regardless whether any pre- 

pathological or pathological assessment, or a related alarm, occurred (it will be appreciated that it might be useful - 
although not shown in Fig. 21 - to display or record alarms and/or alerts as well). Regardless which information is 
displayed or printed in case of a dangerous sum-score or an alarm or alert, it might happen that the user is interested 
in further detailed information on the reasons of the event. Even during normal operation, i.e. "normal" assessment of 

is the fetal condition, he might want to know the reason for a sum-score exceeding zero. 

Such may be performed by pressing a "reasoning" key on the fetal monitor or the central station. If such happens, 
the fetal monitor offers more qualified information on the reason of the event (by display or printout). Pressing the 
■reasoning" key a second time will cause the monitor to provide a deeper level of information, and so on. 

As a practical example, let us assume the fetal monitor switches a red backlighting module on in case an alarm 

20 condition occurred, in order to get user attention. In case the "reasoning" key is pressed, the user will get (in a first 
level) the basic assessment of the trace, e.g. "pathologic". Pressing the "reasoning" key a second time will reveal the 
sum-score, e.g. 9, and the score table used for calculation of this score (e.g., "user score"). A third depression of the 
"reasoning" key presents the alarming parameters, e.g. the baseline. Fourth and fifth depression of the "reasoning" 
key retrieve the values of the parameters and the time of their occurence in the trace. 

25 a complete example of a "reasoning" list and the related levels will be given below: 
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It will be appreciated that the various levels of reasoning, as well as the information presented in each level, may 
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be subject to expert modification as well. 

One alternate embodiment of handling alarms and reasoning will be given now, with reference to the flowcharts 
in Figs. 22a and 22b. 

In case the sum-score exceeds the lower of two (adjustable) limits, e.g. 6 (reference number 168), corresponding 
5 to a prepathologic assessment, an optical alert like a red backlighting module is switched on (box 169). If an upper 
limit is exceeded as well (corresponding to a "pathologic" assessment) - box 170 -, the optical alert is accompanied 
by an acoustic alarm (step 171 ). Subsequently, the assessment of the CTG and the calculated score are printed, see 
boxes 172 and 173. 

The fetal monitor checks now whether the "reasoning" key has been depressed (step 1 74). If no, the routine jumps 
10 to the exit (ref. no. 175). If yes, the alarming parameters are printed (step 176). In case the "reasoning" key is pressed 
again (step 177), the real value of the parameters is printed (box 178); otherwise, operation stops. Last not least, a 
third depression of the "reasoning" key (step 179) causes printout of the times of their occurence in the trace, i.e. the 
CTG (step 180). 

It will be appreciated that reasoning may not only be performed by pressing an appropriate key, but also by other 
is measures like moving the cursor on an appropriate field on the screen and clicking the mouse, or the like. 



Claims 

20 1 . Apparatus for evaluating the fetal condition prior to or under birth comprising 

(1.1) first detection means for detecting the fetal heart rate from a first signal indicative of said fetal heart rate 
and generating a fetal heart rate trace (15,19), 

(1 .2) second detection means for detecting maternal labour from a second signal indicative of said maternal 
25 labour and generating a toco trace (1 2), 

(1.3) processing means (42,72) for evaluating said fetal heart rate trace (15, 1 9) and said toco trace (1 2), said 
processing means (42,72) generating quantities representative of possible diagnostic information, 

(1.4) rule based operating means (59,63,64,65,66,67, 156;81 ,95, 131) for extracting, validating, classifying or 
scoring said quantities or derived parameters, or said fetal heart rate trace (15,19) or said toco trace (12), 

30 (1.5) rule storing means (90;75,83,96,132) operatively connected with said rule based operating means 

(59,63,64,65,66,67,156;81,95, 131), characterized by 

(1.6) connection means (94,91,97,129) for connecting said rule storing means (90;75,83,96,132) with rule 
editing means (92,37;74), 

(1.7) said rule editing means (92,37;74) providing 

35 

(1 .7.1 ) a rule edit mode for setting up new rules or changing existing rules under control of the user of the 
apparatus, 

(1.7.2) a rule restore mode for restoring information on new or changed rules set up by the user of the 
apparatus in said rule storing means (90;75,83,96, 132), 

40 

(1 .8) wherein said rule based operating means (59,63,64,65,66,67, 1 56; 81 ,95, 1 31 ) is set up to operate accord- 
ing to the information restored in said rule storing means (90;75,83,96,132) from the time of restoration. 

2. Apparatus according to claim 1 , characterized in that said rule editing means (92,37;74) provides a retrieve mode 
45 for retrieving rules or information on rules from said rule storing means (90;75,83,96,1 32). 

3. Apparatus according to claim 2, characterized in that said rule editing means (92,37;74) provides a modify mode 
for modifying said retrieved rules, wherein, in said rule restore mode, the modified rules are stored in said rule 
storing means (90;75,83,96,132). 

50 

4. Apparatus according to claim 1 , characterized in that said rule editing means (92,37;74) provides a definition mode 
for defining new rules, wherein, in said rule restore mode, the modified rules are stored in said rule storing means 
(90;75,83,96,132). 

55 5. Apparatus according to claim 1 , characterized in that said rule editing means (92,37;74) provides a select mode, 
wherein rules stored in said rule storing means (90;75,83,96,1 32) are offered for selection, and information on the 
selected rule or rules are stored in said rule storing means (90;75, 83,96,132). 
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6. Apparatus according to any of the preceding claims, characterized in that said rule editing means (92,37;74) 
includes 

(6.1) display or recording means, preferably a personal computer (37), a CRT display or a printer, and 
5 (6.2) edit control means, preferably an expert interface (92;74). 

7. Apparatus according to any of the preceding claims, characterized in that said rule storing means (90:75,83,96, 1 32) 
is a programmable memory, preferably an erasable memory. 

10 8. Apparatus according to any of the preceding claims, characterized in that said rule based operating means 
(59,63,64,65,66,67,156:81,95,131) includes fetal condition assessment means (67:131) for calculation of a score 
(161 ,162) according to rules stored in said rule storing means (90:1 32) in dependence of the quantities generated 
by said processing means (42:72), or parameters derived thereof, or of said fetal heart rate trace (1 5,19) or of said 
toco trace (12). 

15 

9. Apparatus according to claim 8, characterized in that said fetal condition assessment means (67:131) assigns 
single scores to events observed in said quantities or derived parameters, or said fetal heart rate trace (15,19) or 
said toco trace (12), according to rules stored in said rule storing means (90:132), and that a sum-score of all 
single scores is calculated. 

20 

10. Apparatus according to claim 9, characterized in that said rule storing means (90:132) contains at least one set 
(144,145,146,147) of predefined rules for assigning scores to events. 

11. Apparatus acording to claims 5 and 10, characterized in that, in said select mode, a selection is provided among 
25 at least two of said sets (144,145, 146,147) of predefined rules, and the information stored in said rule storing 

means (90:132) is information on the selected set (144,145, 146,147) of predefined rules. 

12. Apparatus according to any of claims 9 to 11, characterized in that said fetal condition assessment means (67; 
1 31 ) operates in combination with an alarm handler (1 54), said alarm handler (1 54) generating an alert or an alarm 

30 if said sum-score exceeds a predefined limit. 

13. Apparatus for evaluating the fetal condition prior to or under birth, in particular according to any of claims 9 to 12, 
characterized in that rule based operating means (59,63,64,65,66,67,156:81,95,131) include reasoning means, 
in particular a reasoning processor (156), retrieving reasoning information related to a sum-score upon user 

35 request. 

14. Apparatus according to claim 13, characterized in that said reasoning information includes at least information on 

(14.1) said sum-score, 
40 (14.2) a clinical assessment derived from said sum-score, 

(14.3) the single scores assigned to said events, 

(1 4.4) the quantities or derived parameters, or said fetal heart rate trace (1 5,1 9) or said toco trace (12), leading 
to said events, or their values, or the time of their occurence, 

(14.5) explanations on the reason of an alarm, 
45 (14.6) further hints on the fetal situation. 

15. Apparatus according to claim 13 or 14, characterized in that said reasoning means includes several operating 
levels (176,178,180), in particular accessible by subsequent user keystrokes, each operating level (176,178, 180) 
retrieving different reasoning information. 

so 

16. Apparatus, according to claim 15, characterized by sequentially accessible operating levels (176,178,180), 
wherein the reasoning information becomes more detailed from level (176,178,180) to level (176,178,180). 

17. Apparatus according to any of claims 13 to 16, characterized in that said reasoning means provides display or 
55 printout of said retrieved reasoning information. 

18. Apparatus according to claim 12 and any of claims 13 to 17, characterized in that said reasoning means is only 
active after the occurence of an alert or alarm. 
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1 9. Apparatus according to any of the preceding claims, characterized in that said processing means (42;72) comprises 
time domain preprocessing means for preprocessing said fetal heart rate trace (15,19) in the time domain. 

20. Apparatus according to claim 19, characterized in that said time domain preprocessing means includes at least 
5 one of the following means: 

(20. 1 ) means (45) for removing jumps (48,49) in case a positive or negative jump (48,49) exceeds a predefined 

limit, 

(20.2) means (46) for removing a DC component from said fetal heart rate trace (1 5,1 9), 

10 (20.3) window means (47) for applying a spectral leakage-reducing window, in particular a Hamming window. 

21. Apparatus for evaluating the fetal condition prior to or under birth, in particular according to claim 19 or 20, char- 
acterized in that preprocessing means (42;72) are provided which include frequency transformation means, in 
particular Fast Fourier Transformation means (51), for transforming a fetal heart rate trace (15,19) into the fre- 

15 quency domain. 

22. Apparatus according to claim 21, characterized by filter means (52), in particular linear (53) or exponential filter 
means, for appliance to the calculated spectrum. 

20 23. Apparatus according to claim 21 or 22, characterized by fetal heart rate (FHR) variability detection means (54,55) 
including frequency detection means (54), said frequency detection means (54) calculating the frequency of FHR 
variability by identification of the spectral line with the highest amplitude in the associated spectrum, preferably in 
a predefined region of said spectrum. 

25 24. Apparatus according to claim 23, characterized in that said fetal heart rate (FHR) variability detection means (54,55) 
includes amplitude detection means (55), said amplitude detection means (55) calculating the amplitude of varia- 
bility as the amplitude of the spectral line of the highest amplitude in the associated spectrum, preferably in a 
predefined region of said spectrum, plus the amplitude of secondary spectral lines adjoining said spectral line of 
highest amplitude, provided said secondary spectral lines exceed or fall below predefined limits. 

30 

25. Apparatus according to any of claims 21 to 24, characterized in that said preprocessing means (42;72) operates 
according to predefined rules stored in said rule storing means (90;75) and is subject to editing by said rule editing 
means (92,37;74). 

35 26. Apparatus according to any of the preceding claims, characterized in that said rule based operating means 
(59,63,64,65,66,67, 156;81 ,95,131 ) includes trace processing means (63) for calculation of parameters from said 
fetal heart rate trace (15,19) and/or from said toco trace (12) or from the related spectra, and/or for identifying 
candidates for events, in particular for accelerations, decelerations (163a,1 63b, 163c) or contractions (164a, 164b, 
164c). 

40 

27. Apparatus according to claim 26, characterized in that said rule based operating means (59,63,64,65,66,67,156; 
81 ,95, 1 31 ) includes validating means (64;81 ) for validating possible candidates for events according to rules stored 
in said rule storing means (90;83). 

45 28. Apparatus according to claim 26 or 27, characterized in that said rule based operating means 
(59,63,64,65,66,67,156:81,95,131) includes classification means (65;95) for classifying validated candidates for 
events according to rules stored in said rule storing means (90;96). 

29. Apparatus according to any of the preceding claims, characterized by statistics generating means, in particular a 
50 statistics processor (66), for generation, storing and retrieval of clinically relevant statistical data. 

30. Apparatus according to any of the preceding claims, characterized by trend generating means, in particular a trend 
buffer (60), for generation, storing and retrieval of clinically relevant time compressed trends. 

55 31. Method for evaluating the fetal condition prior to or under birth comprising the steps of: 

(31.1) detecting the fetal heart rate (15,19), 

(31.2) detecting maternal labour (12), 
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(31.3) generating quantities derived from said fetal heart rate (15,19) and/or said maternal labour (12) repre- 
sentative of possible diagnostic information, 

(31 .4) extracting (72), validating (81 ), classifying (95) or scoring (1 31 ) said quantities, or derived parameters, 
according to predefined rules stored in a rule memory (90;75,83,96,132), 

5 

characterized by the steps of 

(31.5) connecting said rule memory (90;75,83,96,132) with rule editing means (92,37;74), 

(31.6) setting up new rules, changing existing rules or selecting predefined rules or a set (144,145,146,147) 
10 thereof under control of the user, 

(31.7) storing said new or edited rules or information on the selected rules or set (144,145,146,147) of rules 
in said rule memory (90;75,83,96, 132). 

32. Method according to claim 31 , characterized by the step of generating an alert or alarm if a calculated score 
is exceeds a predefined limit. 

33. Method according to claim 31 or 32, characterized by retrieving scoring information upon request, in particular if 
an alert or alarm occurred. 

20 34. Method for evaluating the fetal condition prior to or under birth comprising the step of detecting the fetal heart rate 
(15,19), in particular according to any of claims 31 to 33, characterized by time domain preprocessing of the fetal 
heart rate (15,19), in particular by 

(34.1 ) removing (45) jumps (48,49) in case a positive or negative jump (48,49) exceeds a predefined limit, 
25 (34.2) removing (46) a DC component from said fetal heart rate trace (1 5, 1 9), 

(34.3) applying (47) a spectral leakage-reducing window, in particular a Hamming window. 

35. Method for evaluating the fetal condition prior to or under birth comprising the step of detecting the fetal heart rate 
(15,1 9), in particular according to any of claims 31 to 34, characterized by the step of transforming said fetal heart 

30 rate (1 5, 1 9) in the frequency domain, in particular by Fast Fourier Transformation (51 ). . 

36. Method according to claim 35, characterized by the step of applying a filter function (52), in particular a linear (53) 
or exponentional filter function, to the spectrum. 

35 37. Method according to claim 35 or 36, characterized by the step of detecting the frequency of the fetal heart rate 
variability from the spectrum according to the following formula: 

f VAR = max (F(iAw)) 

40 

wherein F(iAco) denotes the single spectral lines, i is an index running over a predefined spectral range, and f VAR 
is the frequency of the fetal heart rate variability. 

38. Method according to claim 37, characterized by the step of detecting the amplitude of the fetal heart rate variability 
45 according to the following formula: 

Av AR = C* 2 |F(iA«)| 

wherein F(iAco) denotes the single spectral lines, i is an index running over a predefined spectral range including 
50 the spectral line of maximum amplitude, C is a constant and A VAR is the amplitude of the fetal heart rate variability. 

39. Method according to any of claims 31 to 38, characterized by the steps of 

(39.1) identifying possible candidates for events, in particular for accelerations, decelerations (163a,163b, 
55 163c) or contractions (164a, 164b, 164c), 

(39.2) validating (81) said possible candidates for events, 

(39.3) classifying (95) validated candidates. 



M 
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Pat ntanspruch 

1. Vorrichtung zum Beurteilen des fetalen Zustandes vor oder wahrend der Geburt, die folgendes umfaBt: 

(1 . 1 ) ein erstes Ertassungsmittel zur Erfassung der fetalen Herzf requenz aus einem ersten Signal, das fur die 
Herzfrequenz kennzeichnend ist und zur Erzeugung einer Spur der fetalen Herzf requenz (15,19), 

(1 .2) ein zweites Ertassungsmittel zur Erfassung der Wehen der Mutter aus einem zweiten Signal, das fur die 
Wehen der Mutter kennzeichnend ist und zur Erzeugung einer Tokospur (12), 

(1.3) ein Verarbeitungsmittel (42,72) zur Beurteilung der fetalen Herzfrequenzaufzeichnung (15,19) und der 
Tokoaufzeichnung (12), wobei das Verarbeitungsmittel (42;72) fur mogliche diagnostische Informationen 
representative GroBen erzeugt, 

(1.4) ein auf Regeln basierendes Betriebsmittel (59,63,64,65,66,67,156:81,95,131) zum Gewinnen, Validie- 
ren, Klassrfizieren oder Bewerten der gewonnenen Daten oder der abgeleiteten Parameter oder der Spur der 
fetalen Herzfrequenz (15,19) oder der Tokospur (12), 

(1 .5) ein Regelspeichermittel (90;75,83,96,1 32), das im Betrieb mit dem auf Regeln basierenden Betriebsmittel 
(59,63,64,65,66,67,156;81,95,131) verbunden ist, gekennzeichnet durch 

(1.6) ein Verbindungsmittel (94,91,97,129) zum Verbinden des Regelspeichermittels (90:75,83,96,132) mit 
einem Regeleditiermittel (92,37:74), 

(1 .7) wobei das Regeleditiermittel (92,37:74) folgendes zur Verfugung stellt: 

(1.7.1) einen Regeleditiermodus zum Aufstellen von neuen Regeln oder zum Andem von bestehenden 
Regeln unter Steuerung durch den Anwender der Vorrichtung, 

(1.7.2) einen Regelruckspeichermodus zur Ruckspeicherung von Informationen uber neue oder gean- 
derte Regeln, die der Anwender der Vorrichtung aufgestellt hat, in das Regelspeichermittel (90: 
75,83,96,132), 

(1.8) wobei das auf Regeln basierende Betriebsmittel (59,63,64,65,66,67,156:81,95,131) so eingestellt ist, 
daB es ab dem Zeitpunkt der ROckspeicherung gemaB den Informationen arbeitet, die in das Regelspeicher- 
mittel (90;75,83,96,132) zurOckgespeichert wurden. 

2. Vorrichtung nach Anspruch 1 , dadurch gekennzeichnet, daB das Regeleditiermittel (92,37;74) einen Abrufemodus 
zum Abrufen von Regeln oder Informationen uber Regeln aus dem Regelspeichermittel (90;75,83,96,132) zur 
Verfugung stellt. 

3. Vorrichtung nach Anspruch 2, dadurch gekennzeichnet, daB das Regeleditiermittel (92,37:74) einen Modifizier- 
modus zur Modifizierung von abgerufenen Regeln zur Verfugung stellt, wobei die modifizierten Regeln im Regel- 
ruckspeichermodus im Regelspeichermittel (90:75,83,96,132) gespeichert werden. 

4. Vorrichtung nach Anspruch 1 , dadurch gekennzeichnet, daB das Regeleditiermittel (92,37:74) einen Definitions- 
modus zur Definition neuer Regeln zur Verfugung stellt, wobei die modifizierten Regeln im Regelruckspeichermo- 
dus im Regelspeichermittel gespeichert werden (90,75,83,96,132). 

5. Vorrichtung nach Anspruch 1 , dadurch gekennzeichnet, daB das Regeleditiermittel (92,37;74) einen Auswahlmo- 
dus zur Verfugung stellt, in dem Regeln, die im Regelspeichermittel (90;75, 83,96,132) gespeichert sind, zur Aus- 
wahl angeboten werden und Informationen uber die ausgewahlte Regel oder Regeln im Regelspeichermittel (90: 
75,83,96,132) gespeichert werden. 

6. Vorrichtung nach einem oder mehreren der vorangehenden Anspruche, dadurch gekennzeichnet, daB das Rege- 
leditiermittel (92,37:74) folgendes umfaBt: 

(6. 1 ) Anzeige- oder Aufzeichnungsmittel, vorzugsweise einen Personalcomputer (37), eine CRT-Anzeige oder 
einen Drucker und 

(6.2) Editiersteuermittel, vorzugsweise eine Expertenschnittsteile (92:74). 

7. Vorrichtung nach einem oder mehreren der vorangehenden Anspruche, dadurch gekennzeichnet, daB das Regel- 
speichermittel (90;75,83,96,1 32) ein programmierbarer, vorzugsweise loschbarer Speicher ist. 

8. Vorrichtung nach einem oder mehreren der vorangehenden Anspruche, dadurch gekennzeichnet, daB das auf 
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Regeln basierende Betriebsmittel (59,63,64,65,66,67,1 56;81 ,95,1 31 ) Mittel zur Bewertung des f etalen Zustandes 
(67;131) zur Berechnung eines Punktestandes (161,162) nach im Regelspeichermittel (90;132) gespeicherten 
Regeln in Abhangigkeit der von dem Verarbeitungsmittel (42;72) erzeugten GroBen, oder daraus abgeleiteter Para- 
meter, Oder der Spur der fetalen Herzfrequenz (15,19) oder der Tokospur (12), umfaBt. 

5 

9. Vorrichtung nach Anspruch 8, dadurch gekennzeichnet, daB das Mittel zur Bewertung des fetalen Zustandes (67; 
131) Ereignissen, die in den GroBen oder abgeleiteten Parametem oder in der Spur der fetalen Herzfrequenz . 
(15,19) oder der Tokospur (12) beobachtet wurden, gemaB im Regelspeichermittel (90; 132) gespeicherten Regeln 
einzelne Punkte zuordnet und daB aus alien einzelnen Punkte eine Summenpunktzahl berechnet wird. 

10 

10. Vorrichtung nach Anspruch 9, dadurch gekennzeichnet, daB das Regelspeichermittel (90;132) mindestens einen 
Satz (144,145,146,147) vordefinierter Regeln, urn den Ereignissen Punkte zuzuordnen, enthalt. 

11. Vorrichtung nach den Anspruchen 5 und 10, dadurch gekennzeichnet, daB der Auswahlmodus eine Auswahl zwi- 
15 schen mindestens zwei der vordefinierten Regelsatze (144,145,146,147) bietet und daB es sich bei den Informa- 

tionen, die im Regelspeicher (90; 132) gespeichert sind, urn Informationen uber den ausgewahlten Satz 
(144,145,146,147) vordefinierter Regeln handett. 

12. Vorrichtung nach einem oder mehreren der Anspruche 9 bis 11 .dadurch gekennzeichnet, daB das Mittel zur Bewer- 
20 tung des fetalen Zustandes (67; 1 31 ) in Verbindung mit einem Alarmsteuerer (1 54) betrieben wird, wobei der Alarm- 

steuerer (154) eine Warnung Oder einen Alarm hervorruft, wenn die Summenpunktzahl einen vorgegebenen 
Grenzwert uberschreitet. 

1 3. Vorrichtung zum Beurteilen des fetalen Zustandes vor oder wahrend der Geburt, insbesondere gemaB einem oder 
25 mehreren der Anspruche 9 bis 12, dadurch gekennzeichnet, daB das auf Regeln basierende Betriebsmittel 

(59,63,64,65,66,67,156:81,95,131) ein Begrundungsmittel, insbesondere einen Begrundungsprozessor (156) 
umfaBt, das auf Befehl des Anwenders sich auf eine Summenpunktzahl beziehende Begrundungsinformationen 
abruft. 

30 14. Vorrichtung nach Anspruch 13, dadurch gekennzeichnet, daB die Begrundungsinformationen mindestens uber 
folgendes Informationen enthalten: 

(14.1) die Summenpunktzahl, 

(14.2) eine aus der Summenpunktzahl abgelettete klinische Bewertung, 
35 (14.3) die einzelnen Punkte, die den Ereignissen zugeordnet sind, 

(14.4) die GroBen oder abgeleiteten Parameter oder die Spur der fetalen Herzfrequenz (15, 19) oder die 
Tokospur (12), die zu diesen Ereignissen fuhren, oder ihre Werte oder die Zeit ihres Auftretens, 

(14.5) Erklarungen fur die Grunde des Alarms, 

(14.6) weitere Hinweise zur fetalen Situation. 

40 

15. Vorrichtung nach den Anspruchen 13 oder 14, dadurch gekennzeichnet, daB das Begrundungsmittel mehrere 
Betriebsebenen (176,178,180) umfaBt, die insbesondere durch aufeinanderfolgende Tastenanschlage des Benut- 
zers zuganglich sind, wobei jede Betriebsebene (176,178,180) verschiedene Begrundungsinformationen abruft. 

45 1 6. Vorrichtung nach Anspruch 1 5, gekennzeichnet durch Betriebsebenen ( 1 76, 1 78, 1 80), auf die nacheinander zuge- 
griff en werden kann, wobei die BegrOndungsinformationen von Ebene (176,178,180) zu Ebene (176,178,180) 
detaillierter werden. 

17. Vorrichtung nach einem der Anspruche 13 bis 16, dadurch gekennzeichnet, daB das Begrundungsmittel eine 
50 Anzeige oder einen Ausdruck der abgerufenen Begrundungsinformationen zur Verfugung stellt. 

18. Vorrichtung nach Anspruch 12 und einem oder mehreren der Anspruche 1 3 bis 17, dadurch gekennzeichnet, daB 
das Begrundungsmittel nur nach dem Auftreten einer Warnung oder eines Alarms aktiv ist. 

55 19. Vorrichtung nach einem oder mehreren der vorangehenden Anspruche, dadurch gekennzeichnet, daB das Verar- 
beitungsmittel (42;72) Zeitbereichsvorverarbeitungsmittel zur Vorverarbeitung der Spur der fetalen Herzfrequenz 
(15, 19) im Zeitbereich umfaBt. 
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20. Vorrichtung nach Anspruch 1 9, dadurch gekennzeichnet, daB das Zeltbereichsvorverarbeitungsmittel mindestens 
eines der folgenden Mittel umfaBt: 

(20.1) Mittel (45) zum Entfernen von Sprungen (48,49), wenn ein positiver Oder negativer Sprung (48, 49) 
5 einen vorgegebenen Grenzwert uberschreitet, 

(20.2) Mittel (46) zum Entfernen einer Gleichkomponente aus der Spur der fetalen Herzfrequenz (15,19), 

(20.3) Fenstermittel (47) zur Anwendung eines Fensters zur Reduzierung der spektralen Streuung, insbeson- 
dere ein Hamming-Fenster. 

10 21 . Vorrichtung zum Beurteilen des fetalen Zustandes vor oder wahrend der Geburt, insbesondere gemaB den Anspru- 
chen 19 oder 20, dadurch gekennzeichnet, daB Vorverarbeitungsmittel (42;72) zur Verfugung gestellt werden, die 
Frequenztransformationsmittel umfassen, insbesondere Mittel zur Schnellen Fourier-Transformation (51 ), urn eine 
Spur der fetalen Herzfrequenz (15,19) in den Frequenzbereich zu transformieren. 

is 22. Vorrichtung nach Anspruch 21 , gekennzeichnet durch Filtermittel (52), insbesondere Linear- (53) oder Exponen- 
tialfiltermittel, zur Anwendung auf das berechnete Spektrum. 

23. Vorrichtung nach den Anspruchen 21 oder 22, gekennzeichnet durch Mittel zur Erfassung der variabilitat der fetalen 
Herzfrequenz (FHF) (54,55) mit Frequenzerfassungsmitteln (54), wobei die Frequenzeriassungsmittel (54) die 

20 Frequenz der FHF- Variabilitat mittels Identification der Spektrallinie mit der hochsten Amplitude im zugehorigen 

Spektrum, vorzugsweise in einem vordefinierten Bereich des Spektrums, berechnen. 

24. Vorrichtung nach Anspruch 23, dadurch gekennzeichnet, daB das Mittel zur Erfassung der variabilitat der fetalen 
Herzfrequenz (FHF) (54,55) Amplitudenerfassungsmittel (55) umfaBt, wobei das Amplitudenerfassungsmittel (55) 

25 die Amplitude der variabilitat als die Amplitude der Spektrallinie mit der hochsten Amplitude im zugehorigen Spek- 

trum, vorzugsweise in einem vordefinierten Bereich des Spektrums, berechnet zuzuglich der Amplitude von Sekun- 
darspektrallinien, die benachbart zur Spektrallinie mit der hochsten Amplitude auftreten, sofem diese Sekundar- 
spektrallinien vorgegebene Grenzwerte uberoder unterschreiten. 

30 25. Vorrichtung nach einem oder mehreren der Anspruche 21 bis 24, dadurch gekennzeichnet, daB das Vbrverarbei- 
tungsmittel (42;72) gemaB vorgegebener Regeln, die im Regelspeichermittel (90;75) gespeichert sind, betrieben 
wird und durch das Regeleditiermittel (92,37;74) editiert wird. 

26. Vorrichtung nach einem oder mehreren der vorangehenden Anspruche, dadurch gekennzeichnet, daB das auf 
35 Regeln basierende Betriebsmittel (59,63,64,65,66,67, 156;81 ,95, 131) Spurverarbeitungsmittel (63) zur Berech- 

nung von Parametem aus der Spur der fetalen Herzfrequenz (15,19) und/oder aus der Tokospur (12) oder aus 
den zugehorigen Spektren und/oder zur Identifikation von Kandidaten fur Ereignisse, insbesondere fur Akzelera- 
tionen, Dezelerationen (163a, 163b, 163c) oder Kontraktionen (164a, 164b, 164c). 

40 27. Vorrichtung nach Anspruch 26, dadurch gekennzeichnet, daB das auf Regeln basierende Betriebsmittel 
(59,63,64,65,66,67,156:81 ,95,1 31 ) Validierungsmittel (64;81 ) zur Validierung von moglichen Kandidaten fur Ereig- 
nisse gemaB den Regeln, die im Regelspeichermittel (90;83) gespeichert sind, umfaBt. 

28. Vorrichtung nach den Anspruchen 26 oder 27, dadurch gekennzeichnet, daB das auf Regeln basierende Betriebs- 
45 mittel (59,63,64,65,66,67,156:81,95,131) Klassifizierungsmittel (65:95) zur Klassifizierung validierter Kandidaten 

fur Ereignisse gemaB den Regeln, die im Regelspeichermittel (90;96) gespeichert sind, umfaBt. 

29. Vorrichtung nach einem oder mehreren der vorangehenden Anspruche, gekennzeichnet durch Statistikerzeu- 
gungsmittel, insbesondere durch einen Statistikprozessor (66), zum Erzeugen, Speichem und Abfragen von kli- 

50 nisch relevanten statist ischen Daten. 

30. Vorrichtung nach einem oder mehreren der vorangehenden Anspruche gekennzeichnet durch Trendproduktions- 
mittel, insbesondere durch einen Trendpuffer (60), zum Erzeugen, Speichem und Abfragen von klinisch relevanten 
zeitkomprimierten Trends. 

55 

31. Verfahren zum Beurteilen des fetalen Zustandes vor oder wahrend der Geburt, das folgende Schritte umfaBt: 

(31.1) Erfassung der fetalen Herzfrequenz (15,19), 
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(31 .2) Erfassung der mutterlichen Wehen (12), 

(31 .3) Erzeugung von GroBen, die von der fetalen Herzf requenz (1 5,1 9) und/oder von den mutterlichen Wehen 
(12) abgeleitet sind und reprasentativ fur mogliche diagnostische tnformationen enthalten, 

(31.4) Gewinnen (72), Validieren (81), Klassifizieren (95) oder Bewerten (131) von diesen Gr6(3en Oder von 
5 abgeleiteten Parametem gemaB vorgegebenen Regeln, die in einem Regelspeicher (90;75,83,96, 1 32) gespei- 

chert sind, 

durch nachfolgende Schritte gekennzeichnet: 

io (31 .5) Verbinden des Regelspeichers (90;75,83,96,1 32) mit dem Regeleditiermittel (92,37;74), 

(31.6) Aufstellen neuer Regeln, Anderung bestehender Regeln oder Auswahlen vordefinierter Regeln oder 
eines Satzes (144,145,146,147) davon unter Kontrolle des Anwenders, 

(31 .7) Speicherung der neuen oder editierten Regeln oder Informationen uber die ausgewahlten Regeln oder 
den Satz (144,145,146,147) davon im Regelspeicher (90,75,83,96,132). 

15 

32. Verfahren nach Anspruch 31 , gekennzeichnet durch den Schritt der Ausldsung einer Wamiing oder eines Alarms, 
wenn eine berechnete Punktzahl einen vorgegebenen Grenzwert uberschreitet. 

33. Verfahren nach den Anspruchen 31 oder 32, gekennzeichnet durch Abrufen von Punkteinformationen auf Befehl 
20 des Anwenders, insbesondere wenn eine Wamung oder ein Alarm aufgetreten ist. 

34. Verfahren zum Beurteilen des fetalen Zustandes vor oder wahrend der Geburt, das den Schritt der Erfassung der 
fetalen Herzf requenz (1 5,1 9) umfaBt, insbesondere nach einem oder mehreren der AnsprOche 31 bis 33, gekenn- 
zeichnet durch die Vorverarbeitung der fetalen Herzfrequenz (15,19) im Zeitbereich, insbesondere durch 

25 

(34.1) Entfernen (45) von Sprungen (48,49), wenn ein positiver oder negativer Sprung (48,49) einen vorge- 
gebenen Grenzwert uberschreitet, 

(34.2) Entfernen (46) einer Gleichkomponente aus der Spur der fetalen Herzfrequenz (15,19), 

(34.3) Anwendung (47) eines Fensters zur Minderung der spektralen Streuung, insbesondere eines Hamming- 
30 Fensters. 

35. Verfahren zum Beurteilen des fetalen Zustandes vor oder wahrend der Geburt, das den Schritt der Erfassung der 
fetalen Herzfrequenz (1 5, 1 9) umfaBt, insbesondere nach einem oder mehreren der AnsprOche 31 bis 34, gekenn- 
zeichnet durch den Schritt der Transformation der fetalen Herzfrequenz (15,19) in den Frequenzbereich, insbe- 

35 sondere durch eine Schnelle Fourier-Transformation (51 ). 

36. Verfahren nach Anspruch 35, gekennzeichnet durch den Schritt der Anwendung einer Filterfunktion (52), insbe- 
sondere eines Linear- (53) oder Exponentialfilters, auf das Spektrum. 

40 37. Verfahren nach den Anspruchen 35 oder 36, gekennzeichnet durch den Schritt der Erfassung der Frequenz der 
Variability der fetalen Herzrate aus dem Spektrum gemaB foigender Formel: 

f VAB = max (F(iAco)) 



wobei F(iAco) die einzelnen Spektrallinien kennzeichnet, i einen laufenden Index darstellt, der uber einen vorge- 
gebenen Spektralbreich lauft, und f VAR die Frequenz der Variabilitat der fetalen Herzrate ist. 

^ 38. Verfahren nach Anspruch 37, gekennzeichnet durch den Schritt der Erfassung der Amplitude der N&riabilitat der 
fetalen Herzrate gemaB foigender Formel: 

A^-C- X |F(iA») 

i = m 

55 wobei F(iAa>) die einzelnen Spektrallinien kennzeichnet, i einen laufenden Index darstellt, der uber einen vorge- 

gebenen Spektralbreich lauft, der die Spektrallinie maximaler Amplitude einschlieBt, C eine Konstante und Ay AR 
die Amplitude der Variabilitat der fetalen Herzrate ist. 
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39. Verfahren nach einem Oder mehreren der Anspruche 31 bis 38, gekennzeichnet durch folgende Schritte 

(39.1) Identifikation von moglichen Kandidaten fur Ereignisse, insbesondere fur Akzelerationen, Dezeleratio- 
nen (163a, 163b, 163c) Oder Kontraktionen (164a, 164b, 164c), 
s (39.2) Validierung (81) der mdglichen Kandidaten fur Ereignisse, 

(39.3) Klassifikation (95) validierter Kandidaten. 



Revendications 

10 

1. Appareil destine a ^valuer la condition d'un foetus avant la naissance ou au cours de la naissance comprenant: 

(1.1) un premier moyen de defection destine" a detecter le rythme cardiaque du foetus a partrr d'un premier 
signal indicatif dudit rythme cardiaque du foetus et a engendrer un trace (1 5, 1 9) du rythme cardiaque du foetus; 
*5 (1.2) un deuxieme moyen de detection destine a detecter le travail matemel a partir d'un deuxieme signal 

indicatif dudit travail matemel et a engendrer un trace tocologique (12); 

(1.3) un moyen de traitement (42, 72) destine a evaluer ledit trace (15, 19) du rythme cardiaque du foetus et 
ledit trace tocologique (1 2), ledit moyen de traitement (42, 72) engendrant des quantites representatives d'une 
information eventuelle de diagnostic; 
20 (1 .4) un moyen de commande (59, 63, 64, 65, 66, 67, 1 56; 81 , 95, 1 31 ) a base de regies pour extraire, valider, 

classer ou compter ledites quantit6s ou des parametres d6riv6s, ou ledit trace (15, 19) du rythme cardiaque 
du foetus ou ledit trace" tocologique (1 2), 

(1.5) un moyen de memorisation (90; 75, 83, 96, 132) de regies connects en fonctionnement audit moyen de 
commande (59, 63, 64, 65, 66, 67, 156; 81, 95, 131) a base de regies, 

25 caracterise par 

(1 .6) un moyen de connexion (94, 91 , 97, 1 29) pour connecter ledit moyen de memorisation (90; 75, 83, 96, 
132) de regies a un moyen d'edition (92, 37; 74) de regies, 

(1.7) ledit moyen d'edition (92, 37; 74) de regies pouvant etre mis en oeuvre 

30 (1 .7.1 ) dans un mode d'edition de regies pour etablir de nouvelles regies ou modifier des regies existantes, 

sous commande de Tutilisateur de I'appareii, 

(1 .7.2) dans un mode de restau ration d' information pour restaurer, dans ledit moyen de memorisation (90; 
75, 83, 96, 132) de regies, des informations concernant des regies nouvelles ou modifiees etablies par 
I'utilisateur de I'appareii, 

35 

(1.8) ledit moyen de commande (59, 63, 64, 65, 66, 67, 156; 81, 95, 131) a base de regies etant etabli de 
facon a fonctionner, a partir de I'instant de restauration, en fonction de I'information restauree dans ledit moyen 
de memorisation (90; 75, 83, 96, 132) de regies. 

40 2. Appareil selon la revendication 1 , caracterise en ce que ledit moyen d'edition (92, 37; 74) de regies peut etre mis 
en oeuvre dans un mode de restitution pour restituer des regies ou des informations concernant des regies a partir 
du moyen de memorisation (90; 75,; 83, 96, 132) de regies. 

3. Appareil selon la revendication 2, caracterise en ce que ledit moyen d'edition (92, 37; 74) de regies peut etre mis 
45 en oeuvre dans un mode de modification pour modifier ledites regies restituees, les regies modifiees etant memo- 

ris6es dans ledit mode de restauration de regies dans ledit moyen de memorisation (90; 75, 83, 96, 1 32) de regies. 

4. Appareil selon la revendication 1 , caracterise en ce que ledit moyen d'edition (92, 37; 74) de regies peut etre mis 
en oeuvre dans un mode de definition pour definir des nouvelles regies, les regies modifiees etant memorisees 

50 dans ledit mode de restauration de regies dans ledit moyen de memorisation (90; 75, 83, 96, 1 32) de regies. 

5. Appareil selon la revendication 1 , caracterise en ce que ledit moyen d'edition (92, 37; 74) de regies peut etre mis 
en oeuvre dans un mode de selection dans lequel des regies memorisees dans ledit moyen de memorisation (90; 
75, 83, 96, 1 32) de regies sont offertes pour etre selectionnees et une information concernant la regie ou les regies 

55 seiectionn6es est memorisee dans ledit moyen de memorisation (90; 75, 83, 96, 132) de regies. 

6. Appareil selon Tune quelconque des revendications precedentes, caracterise en ce que ledit moyen d'edition (92, 
37; 74) de regies inclut: 
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(6.1) un moyen d'affichage ou d'enregistrement, de preference un ordinateur personnel (37), un affichage a 
tube a rayons cathodiques, ou CRT, ou une imprimante, et 

(6.2) ledit moyen de commande dedition, de preference une interface experte (92; 74). 

7. Appareil selon Tune quelconque des revendications precedentes, caracterise en ce que ledit moyen de memori- 
sation (90; 75, 83, 96, 132) de regies est une memoire programmable, de preference une memoire effacable. 

8. Appareil selon Tune quelconque des revendications precedentes, caracterise en ce que ledit moyen de commande 
(59, 63, 64, 65, 66, 67, 156; 81, 95, 131) a base de regies inclut un moyen devaluation (67; 131) de conditions 
du foetus pour calculer selon des regies memorises dans ledit moyen de memoire (90; 132) un compte (161, 
162) qui depend des quantites engendrSes par ledit moyen de traitement (42; 72), ou de parametres qui en sont 
derives ou dudit trace (15, 19) du rythme cardiaque du foetus ou dudit trace tocologique (12). 

9. Appareil selon la revendication 8, caracterise en ce que ledit moyen devaluation (67; 1 31 ) de conditions du foetus 
assigne des comptes uniques a des elements observes dans ledites quantites ou lesdits parametres derives, ou 
ledit trace (1 5, 1 9) du rythme cardiaque du foetus ou ledit trace tocologique (1 2), en fonction de regies memorisees 
dans ledit moyen de memorisation (90; 132) de regies et en ce qu'un compte de somme de tous les comptes 
uniques est calcuie. 

10. Appareil selon la revendication 9, caracterise en ce que ledit moyen de memorisation (90; 132) de regies contient 
au moins un ensemble (144, 145, 146, 147) de regies pr6d6termin6es pour assignor des comptes a des 6v6ne- 
ments. 

11. Appareil selon les revendications 5 et 10, caracterise en ce que une selection est realises, dans ledit mode de 
selection, parmi au moins deux desdits ensembles (144, 145, 146, 147) de regies predefines, et ['information 
memorisee dans ledit moyen de memorisation (90; 132) de regies est une information concernant Pensemble 
seiectionne (144, 145? 146, 147) de regies predefines. 

12. Appareil selon Tune quelconque des revendications 9 a 11, caracterise en ce que ledit moyen devaluation (67; 
131) de conditions du foetus fonctionne en combinaison avec un dispositif de prise en charge (154) d'alarmes, 
ledit dispositif de prise en charge (154) d'alarmes engendrant une alerte ou une alarme si ledit compte de somme 
depasse une limite pr6d6finie. 

13. Appareil devaluation de la condition du foetus avant la naissance ou au cours de celle-ci, en particulier selon Tune 
quelconque des revendications 9 a 12, caracterise en ce que le moyen de commande (59, 63, 64, 65, 66, 67, 156; 
81, 95, 131) a base de regies inclut un moyen de raisonnement, en particulier un processeur de raisonnement 
(156), qui restitue sur demande de I'utilisateur une information de raisonnement liee a un compte de somme. 

14. Appareil selon la revendication 13, caracterise en ce que ladite information de raisonnement inclut au moins une 
information concernant: 

(14.1) ledit compte de somme 

(14.2) une evaluation clinique dehv6e dudit compte de somme, 

(14.3) les comptes uniques assign6s auxdits evenements, 

(14.4) les quantites ou des parametres derives, ou ledit trace (15, 19) du rythme cardiaque du foetus ou ledit 
trace tocologique (12), conduisant auxdits evenements, ou leurs valeurs, ou ('instant de leur apparition, 

(14.5) des explications concernant la raison d'une alarme, 

(14.6) d'autres indications concernant la situation du foetus. 

15. Appareil selon la revendication 13 ou 14, caracterise en ce que ledit moyen de raisonnement inclut plusieurs 
niveaux de commande (176, 178, 180), accessibles en particulier par des actionnements ulterieurs de touches 
par I'utilisateur, chaque niveau de commande (176, 178, 180) restituant une information differente de raisonne- 
ment. 

16. Appareil selon la revendication 15, caracterise par des niveaux de commande accessibles en sequence (176, 178, 
180) dans lesquels Information de raisonnement devient plus detainee en passant d'un niveau (176, 178, 180) 
au suivant (176, 178, 180). 
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17. Appareil selon i'une quelconque des revendications 13 a 16, caracterise en ce que ledit moyen de raisonnement 
realise un affichage ou une impression de ladrte information de raisonnement restitute. 

18. Appareil selon ia revendication 12 et I'une quelconque des revendications 13 a 17, caracterise en ce que ledit 
s moyen de raisonnement n'est actif qu'apres I'apparition d'une alerte ou alarme. 

19. Appareil selon Tune quelconque des revendications prec6dentes, caracterise en ce que ledit moyen de traitement 
(42; 72) comprend un moyen de traitement p reliable dans le domaine des temps pour traiter au p realable dans 
le domaine des temps ledit trace (15, 19) du rythme cardiaque du foetus. 

10 

20. Appareil selon la revendication 1 9, caracterise en ce que ledit moyen de traitement prealable dans le domaine 
des temps inclut au moins Pun des moyens suivants: 

(20. 1 ) un moyen (45) d'enlevement de sauts (48, 49) dans le cas ou un saut positif ou negatif (48, 49) depasse 
15 une limite pr6d6finie, 

(20.2) un moyen (46) d'enlevement d'une composante en courant continu, ou DC, hors du trace (15, 19) du 
rythme cardiaque du foetus, 

(20.3) un moyen de fen§tre (47) pour appliquer une fenetre spectrale de reduction de fuite, en particulier une 
fenetre de Hamming. 

20 

21. Appareil devaluation de la condition d'un foetus avant la naissance ou au cours de celle-ci, en particulier selon la 
revendication 19 ou 20, caracterise en ce qu'il est prevu un moyen de traitement prealable (42; 72) qui inclut un 
moyen de transformation en frequence, en particulier un moyen (51 ) de De commande (59 pour transformer dans 
le domaine des frequences, un trace (15, 19) du rythme cardiaque du foetus. 

25 

22. Appareil selon la revendication 21 ? caracterise par un moyen de filtre (52), en particulier un moyen de filtre Iin6aire 

(53) ou exponentiel, a appliquer au spectre calcule. 

23. Appareil selon la revendication 21 ou 22, caracterise par un moyen de detection (54, 55) de la variability du rythme 
30 cardiaque du foetus (ou du FHR), qui inclut un moyen de detection (54) de frequence, ledit moyen de detection 

(54) de frequence calculant la frequence de variabilite du FHR en identifiant la ligne spectrale dont I'amplitude est 
la plus eievee dans le spectre associe, de preference dans une region predefinie dudit spectre. 

24. Appareil selon la revendication 23, caracterise en ce que ledit moyen de detection (54, 55) de la variabilite du 
35 rythme cardiaque du foetus (FHR) inclut un moyen de detection (55) d'amplitude, ledit moyen de detection (55) 

d'amplitude calculant I'amplitude de la variabilite en tant que ('amplitude de la ligne spectrale dont I'amplitude est 
la plus eievee du spectre associe, de preference dans une region predefinie dudit spectre, augmentee de I'ampli- 
tude de lignes spectral es secondaires voisines de ladite ligne spectrale dont I'amplitude est la plus eievee, pourvu 
que ledites lignes spectrales secondaires depassent des limites predefines ou soient interieures a de telles limites. 

40 

25. Appareil selon I'une quelconque des revendications 21 a 24, caracterise en ce que ledit moyen de traitement 
prealable (42; 72) fonctionne selon des regies pr6d6finies m6morisees dans ledit moyen e memorisation (90; 75) 
de regies et est soumis a une edition par un moyen d'6dition (92, 37; 74) de regies. 

45 26. Appareil selon I'une quelconque des revendications pr6cedentes, caract6ris6 en ce que ledit moyen de commande 
(59, 63, 64, 65, 66, 67, 156; 81, 95, 131) a base de regies inclut un moyen de traitement (63) de traces pour 
calculer des paramdtres a partir dudit trace (15, 1 9) du rythme cardiaque du foetus et/ou dudit trace topologique 
(12) ou des spectres relies, et/ou pour identifier des candidats interessants comme 6venements, en particulier les 
> accelerations, des decelerations (163a, 163b, 163c) ou des contractions (164a, 164b, 164c). 

50 

27. Appareil selon la revendication 26, caracterise en ce que ledit moyen de commande (59, 63, 64, 65, 66, 67, 156; 
81 , 95, 1 31 ) a base de regies inclut un moyen de validation (64, 81 ) pour valider des candidats interessants comme 
evenements en fonction des regies memorisees dans ledit moyen de memorisation (90; 83) de regies. 

55 28. Appareil selon la revendication 26 ou 27, caracterise en ce que ledit moyen de commande (59, 63, 645, 65, 66, 
67, 156; 81 ,95, 131 ) a base de regies inclut un moyen de classement (65; 95) pour classer des candidats valides 
interessants comme evenements en fonction de regies memorisees dans ledit moyen de memorisation (90; 96) 
de regies. 
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29. Appareil selon I'une quelconque des revendications precedentes, caracterise par un moyen gen^rateur de statis- 
tiques, en particulier un processeur (66) de statistiques, pour engendrer, memoriser et restituer une donnee sta- 
tistique cliniquement pertinente. 

s 30. Appareil selon Tune quelconque des revendications precedentes, caracterise par un moyen generateur de ten- 
dances, en particulier un tampon de tendances (60), pour engendrer, memoriser et restituer des tendances clini- 
quement pertinentes comprimees dans le temps. 

31. Procede devaluation de la condition d'un foetus avant sa naissance ou au cours de celle-ci qui comprend les 
10 etapes consistant a: 

(31.1) detecter le rythme cardiaque (1 5, 1 9) du foetus 
(3.12) detecter le travail maternel (12), 

(31 .3) engendrer des quantites, deriv6es dudit rythme cardiaque (1 5, 1 9) du foetus et/ou dudit travail maternel 
15 (12), representatives d'une information eventuelle de diagnostic 

(31 .4) extraire (72), valider (81), classer (95) ou compter (131 ) ledites quantites, ou des parametres derives, 
en fonction de regies predSfinies memorise es dans une memoire (90; 75, 83, 96, 132) de regies, 
caracterise par les etapes consistant a 

(31.5) connecter ladite memoire (90; 75, 83, 69, 132) de regies audit moyen d'edition (92; 37; 74) de regies 
20 (31 .6) definir de nouvelles regies, modifier des regies existantes ou selectionner des regies predefines ou un 

ensemble (144, 145, 146, 147) de celles-ci, sous commande de I'utilisateur, 

(31.7) memoriser dans ladite nrtemoire (90; 75, 83, 96, 132) de regies ledites regies nouvelles ou editees on 
une information concernant les regies selectionnees ou Tensemble (144, 145, 146, 147) de regies. 

25 32. Procede selon la revendication 31 , caracterise par I'etape consistant a engendrer une alerte ou une alarme si un 
compte calcule depasse une limite predefinie. 

33. Procede selon la revendication 31 ou 32? caracterise par une restitution, sur demande, d'une information de comp- 
tage, en particulier si une alerte ou une alarme s'est produite. 

30 

34. Procede devaluation de la condition d'un foetus avant la naissance ou au cours de celle-ci, qui comprend I'etape 
consistant a detecter le rythme cardiaque (15, 19) du foetus en particulier selon I'une quelconque des revendica- 
tions 31 a 33, caracterise par un traitement prealable dans le domaine des temps du rythme cardiaque (1 5, 1 9) 
du foetus, en particulier par les etapes consistant a: 

35 

(34.1) enlever (45) des sauts (48, 49) dans le cas ou un saut positif ou negatif (48, 49) depasse une limite 
predefinie, 

(34.2) enlever (46) dudit trace (15, 19) du rythme cardiaque du foetus une composante en courant continu, 
ou DC, et 

*o (34.3) appliquer (47) une fenetre spectrale de reduction de fuite, en particulier une fenetre de Hamming. 

35. Proced6 devaluation de la condition du foetus avant la naissance ou au cours de celle-ci comprenant I'etape 
consistant a detecter le rythme cardiaque (15, 19) du foetus, en particulier selon I'une quelconque des revendica- 
tions 31 a 34, caracteris6 par I'elape consistant a transformer dans le domaine des frequences, en particulier par 

*s une Transformation Rapide de Fourier (51 ), ledit rythme cardiaque (1 5, 1 9) du foetus. 

36. Procede selon la revendication 35, caracterise par I'etape consistant a appliquer au spectre une fonction de filtre 
(52), en particulier une fonction de filtre lineaire (53) ou exponentielle. 

so 37. Procede selon la revendication 35 ou 36, caracterise par I'etape consistant a detecter la frequence de la variability 
du rythme cardiaque du foetus a partir du spectre selon la formule suivante 

f VAR = max (F(i A->)) 

55 

dans laquelle F(i Aco) designe les lignes spectrales uniques, i est un indice courant dans une plage spectrale 
predefinie et f VAR est la frequence de la variability du rythme cardiaque du foetus. 



M 

i = m 
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38. Proc6d6 selon la revendication 37, caracterisS par I'etape consistant a detecter I'amplltude de la variability du 
rythme cardiaque du foetus selon la formule suivante 

M 

A VAR " C * S l F(i A") I 
i = m 

dans laquelle F(i Aco) dSsigne ies lignes spectrales uniques, i est un indice courant d'une plage spectrale 
predefinie qui inclut la ligne spectrale d'amplitude maximale, C est une constante et Ay AR est I'amplitude de la 
variability du rythme cardiaque du foetus. 

39. ProcedS selon Tune quelconque des revendications 31 a 38, caractSrise* par Ies 6tapes consistant a 

(39.1) identifier des candidats Sventuels interessants comme eveYiements, en particulier pour des accelera- 
tions, des decelerations (163a, 163b, 163c) ou des contractions (164a, 164b, 164c), 

(39.2) valider (81) lesdits candidats eventuel int6ressants comme 6v6nements 

(39.3) classer (95) Ies candidats valides. 
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